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SATELL I TE METEOROLOGY 

FOREWORD 

I n  the  c o l l e c t i o n  the  problems o f  i n t e r p r e t a t i o n  o f  
s a t e l l i t e  da ta  and the methods o f  de te rm ina t ion  o f  
me teo ro log i ca l  atmospheri c parameters acco rd ing  to the  
da ta  o f  sate1 1 i t e  measurements a r e  examined, and the 
r e s u l t s  o f  i n v e s t i g a t i o n  o f  r a d i a t i o n  processes i n  the  
t e r r e s t r i a l  surface-atmosphere system a r e  presented.  
The c o l l e c t i o n  i s  c a l c u l a t e d  f o r  s p e c i a l i s t s  work ing  i n  
the  f i e l d  o f  the  phys ics  o f  the  atmosphere, b o t h  grad-  
ua te  s tuden ts  and upperclassmen of hydrometeoro log ica l  
i n s t i t u t e s  and u n i v e r s i t i e s .  
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NASA T E C H N I C A L  TRANSLATION 

A C T I N O M E T R I C  EQUlPMENT OF $OVl€T WEATHER SATELLITES 

V .  A .  Besking, V .  L Gavevskiy, V.  V .  Zenkov,  
L. B .  Kras i i ' chnikov,  B .  V.  Khlopov, V .  A .  Khrustalev and G .  1 .  S h u s t e r  

ABSTRACT: 
p r i  n c i  p l e s  and ma i n characteki  s t  ics of ac t inomet r i c  equi p- 
m e n t  o f  weather s a t e l l i t e s ,  i n s t a l l e d  on Soviet  s a t e l l i t e s  
Kosmos-122, Kosmos-144 and Kosmos-156. The o p t i c a l  systems 
a r e  descr ibed and i l l u s t r a t e d ,  and t h e  system o f  c o l l e c t i o n  
of ac t inomet r i c  information is analyzed. 

I n  t h e  ar t .5cle '  the all thors present t h e  opera t ion  

The ac t inometr ic  equipment o f  Sovie t  meteorological  s a t e l l i t e s  se rves  f o r  / 3 *  - 
measuring t h e  e a r t h ' s  and atmosphere's  own outgoing r a d i a t i o n ,  t h e  outgoing 
shorwave r a d i a t i o n  r e f l e c t e d  by t h e  e a r t h  and i t s  atmosphere, and the  e f f e c -  
t i v e  r a d i a t i o n  temperature of  t he  t e r r e s t r i a l  su r f ace  o r  c louds.  I n  accordance 
with the  above-mentioned purposes o f  t h e  equipment i t  opera tes  i n  t h r e e  spec- 
t r a l  bands. 
b r igh tness  and dens i ty  o f  t he  flow o'f r e f l e c t e d  shortwave r a d i a t i o n .  
3-30 ,, s p e c t r a l  band the  energy b r igh tness  and outgoing r a d i a t i o n  flow dens i ty  
a r e  measured. The e f f e c t i v e  r a d i a t i o n  temperature i s  determined by measuring 
the  e f f e c t i v e  b r igh tness  i n  t h e  8-12 1-1 s p e c t r a l  band. 

The values  measured i n  the  0 . 3 - 3  1-1 s p e c t r a l  band are t h e  energy 
In  t h e  

A l l  types  o f  t he  above-mentioned ac t inomet r i c  measurements are c a r r i e d  out 
by two types of  ac t inomet r i c  instruments  which are inc luded  i n  the  equipment. 

The first type i s  a narrow-angle instrument  (br ightness  meter) w i t h  an 
ins tan taneous  f i e l d  o f  v i s i o n  angle  o f  4' x so with  a working viewing angle  i n  
t h e  d i r e c t i o n ,  perpendicular  t o  the  f l i g h t  t r a j e c t o r y  o f  t he  s a t e l l i t e  amount- 
i ng  t o  +66".  

* Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  the  fo re ign  t e x t .  
- - - _  _ .  .- - - - _. - 
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The second type is a wide-angle ins t rument  (flow dens i ty  meter) wi th  an 
angle  of  v i s i o n  of  136-140". 

In  o rde r  t o  i n c r e a s e  t h e  r e l i a b i l i t y  o f  t h e  equipment a l l  the  instruments  
are used i n  sets o f  two. The instruments  o f  t h e  d u p l i c a t i n g  s e t  may be  turned 
on on command from the  e a r t h .  The o p t i c a l  diagrams of  t he  longwave channel of  
t h e  instrument  o f  t he  f irst  type and t h e  instrument  of  the  second type,  ex- 
p l a i n i n g  t h e i r  working p r i n c i p l e ,  are given i n  Figures  1 and 2 .  

I 
I 

Figure 1 .  Opt ical  Diagram of a Narrow-Angle I n s t r u m e n t .  

The o p t i c a l  systems o f  t he  
ac t inomet r i c  instruments  se rve  
f o r  l i m i t i n g  the angles o f  t h e  
f i e l d  o f  v i s i o n ,  l i m i t i n g  the  
s p e c t r a l  band, concent ra t ing  the  
flow of  r a d i a t i o n  on the frequency 
t ransformer flow r e c e i v e r s ,  and 
f o r  the  instruments  o f  the  f i r s t  
type i t  i s  used a l s o  f o r  c a l i b r a -  
t i o n  and c o l l e c t i o n  o f  information 
by means o f  scanning.  

F i g u r e  2 .  Optical  Diagram of a Wide- 
A n g l e  I n s t r u m e n t .  The p r i n c i p a l  elements o f  the 

o p t i c a l  system (Figure 1) a r e :  

1)  a c y l i n d r i c a l  stream- 
l i n e d  s h e l l  made o f  t h e  KRS-5 c r y s t a l ,  which makes t h e  instrument  a i r t i g h t  and 
enables  us t o  scan and c a l i b r a t e ;  

2) t he  scanning mi r ro r  o f  a conica l  shape, which compensates the  diverg-  
ence of  the  beam which passed through the  s t reaml ined  s h e l l ;  

2 



3) t h e  mir ror  t h r e e - l e a f  modulator; 

4) f i l t e r s  f o r  s e p a r a t i n g  the  s p e c t r a l  bands i n  measurements and C a l i -  - /4 
b r a t i  on ; 

5) e x t r a - a x i a l  p a r a b o l i c  mir ror ;  

6 )  bo 1 ome t e r  ; 

7) cosmic window made o f  t he  KRS-5 c r y s t a l ;  

8) c a l i b r a t i n g  l i g h t  source  u n i t .  

The o p t i c a l  system o f  a shortwave channel i s  the  s imples t  one,  s i n c e  i n  
t h i s  channel i t  i s  no t  necessary t o  switch over  the  f i l t e r s  and use  a two- 
beam system. 

The o p t i c a l  systems of  the  instrument  o f  t he  second type are i d e n t i c a l  
and they d i f f e r  only by the  ma te r i a l s  used i n  them and t h e  f i l t e r  covers .  The 
corresponding diagram i s  given i n  Figure 2 ,  where 1 i s  the  f i l t e r i n g  stream- 
l i n e d  s h e l l  , 2 i s  t h e  modulator, 3 is  the  bolometer.  

The s a t e l l i t e  on which the  ac t inometr ic  equipment i s  i n s t a l l e d ,  r o t a t e s  
around the e a r t h  on a c i r c u l a r  o r b i t  [mean f l i g h t  a l t i t u d e  i s  600 km) and is  
o r i en ted  wi th  r e spec t  t o  t h e  e a r t h  i n  such a way t h a t  t h e  o p t i c a l  a x i s  o f  t h e  
instruments  a r e  cons t an t ly  d i r e c t e d  v e r t i c a l l y  downward. 

The o r i e n t a t i o n  of t he  s a t e l l i t e  along t h e  pa th  excludes i t s  r o t a t i o n  
around the  v e r t i c a l  axis. 

The diagram of  t h e  c o l l e c t i o n  o f  ac t inometr ic  information by the  wide- 
angle and narrow-angle instruments  i s  presented  i n  Figure 3 .  

The survey o f  the  t e r r e s t r i a l  su r f ace  by the  narrow-angle instrument  
along the s a t e l l i t e ' s  f l i g h t  t r a j e c t o r y  is c a r r i e d  ou t  by the  movement o f  t h e  
s a t e l l i t e  i t s e l f ,  whi le  t he  survey i n  the  perpendicular  d i r e c t i o n  i s  c a r r i e d  
o u t  by means of  rocking of t h e  i n p u t  mir ror  2 about t he  0-0'  ax i s  (Figure 1). 

As i t  had been a l ready  mentioned the  measurement of  energy b r igh tnesses  
i s  c a r r i e d  ou t  by a narrow-angle instrument  i n  t h r e e  s p e c t r a l  ranges (0.3-3, 
8-12 and 3-30 1-1 over  two independent channels as the r e s u l t  o f  which the  8-12 

and 3-30 pranges  are combined i n  one o f  t h e  measuring channels and a r e  sepa r -  
a t ed  by the  exchange o f  t he  corresponding f i l t e rs .  

- / 5  

The flow e n t e r i n g  t h e  inpu t  o f  t he  channel,  i s  modulated by t h e  mechanical 
modulator wi th  a frequency o f  80 cps.  The r a d i a t i o n  o f  t he  modulator i n  t h e  
0 . 3 - 3  1-1 s p e c t r a l  range i s p r a c t i c a l l y  absent ,  as the  r e s u l t  o f  which the  s h o r t -  
wave flow is  modulated down t o  the  zero l e v e l  when i t  i s  overlapped by the  
light-beam modulator ve in .  
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Figure 3 .  
Act i nomet ri c I nforma t i o n .  

S y s t e m  of Col lec t ion  of  

I n  t h e  3-30 and 8-12 p chan- 
n e l  t h e  instrument  opera tes  ac- 
cording t o  t h e  two-beam system. 
I n  t h i s  channel modulation i s  
c a r r i e d  o u t  by means o f  a mir ror  
modulator by comparing t h e  flows 
from t h e  e a r t h  and .from o u t e r  
space .  

The r a d i a t i o n  measured and 
the  space  r a d i a t i o n  a r r i v e  through 
d i  f f e ren  t s t reaml ined  windows , 
however both o p t i c a l  channels are 
thermal ly  balanced t o  t h e  maximum, 
and have an equal q u a n t i t y  o f  
i d e n t i c a l  elements,  which makes i t  
p o s s i b l e  t o  e l imina te  almost com- 
p l e t e l y  the i n t e r f e r i n g  r a d i a t i o n  
o f  t h e  o p t i c a l  system p a r t s .  

The modulated flow f a l l s  on 
t h e  r ece ive r  o f  the  bolometr ic  
type and causes  the  appearance a t  
t h e  outputs  o f  t he  bolometr ic  
b r i d g e  of  an a l t e r n a t i n g  vol tage ,  
which is thereupon .amplif ied,  
r e c t i f i e d ,  and f i l t e r e d  i n  t h e  
e l e c t r i c a l  u n i t ,  and then d e l i v e r -  
ed t o  t h e  output  of t he  equipment 
i n  the  form o f  a d i r e c t  vo l tage  
measuring between 0 and 6 V .  

- /6  

The work of  t h e  shortwave and longwave channels i s  synchronized i n  such 
a way, t h a t  a t  t h e  same 
same area on the  e a r t h .  Inasmuch as i n  t h e  longwave channels t h e r e  are two 
independent s p e c t r a l  ranges,  t he  frequency o f  t h e  scanning l i n e s  of  t he  0.3- 
3 1-( channel i s  twice as l a r g e  as t h e  frequency of t h e  l i n e s  o f  t h e  8-12 1~ o r  
3-30 u channel.  

time moment both  channels r ece ive  r a d i a t i o n  from the  

The measurement of  t he  dens i ty  o f  t he  r a d i a n t  flow a r r i v i n g  from the  
e a r t h  i n t o  the  o u t e r  space ,  is  c a r r i e d  out  by the  wide-angle non-scanning i n -  
s t rument  wi th  two spectrum bands o f  0 .3-3 and 3-30 1-1 , f o r  which purpose two 
o p t i c a l  systems are b u i l t  i n t o  the ins t rument ,  which are d i r e c t e d  a t  t he  same 
a rea  on the  e a r t h .  The inpu t  channels cf t h e s e  system< a r e  hemispheric s t r e a m  
l i n e d  s h e l l s , .  made of qua r t z  and KRS-5 -with an i n t e r c e p t i n g  coa t ing , '  func t ion-  
i n g  as f i l t e r s .  

The r a d i a n t  flow included i n  these  o p t i c a l  systems i s  modulated wi th  t h e  
frequency of 64 cps and comes t o  the  bolometr ic  r e c e i v e r .  
l e v e l  f o r  t he  wide-angle h e a t  channel is determined by the  temperature of  t h e  

The modulation 
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modulator,  which under e s t a b l i s h e d  condi t ions  i s  approximately equal  t o  t h e  
temperature of t he  instrument  ' s  body. 

o u t  0 3ut 

6) 

F i g u r e  4 .  I n p u t  C h a r a c t e r i s t i c s  of  Actinometr ic  E q u i p m e n t .  

I n  t he  3-30 p spectrum band the  r a d i a t i o n  o f  t h e  modulator i s  commensur- 
ab le  with t h e  incoming r a d i a t i o n ,  and may be e i t h e r  smaller o r  g r e a t e r  than  
t h e  incoming flow. Since t h e  r e c e i v e r  r e a c t s  t o  the  d i f f e rence  between the  
two f lows,  f o r  the purpose o f  e l imina t ing  t h e  ambiguity o f  the  s i g n  o f  t h e  
outgoing s i g n a l  i n t o  the  3-30 1-1 channel w e  in t roduce  a suppor t ing  vol tage  gen- 
e r a t o r ,  The work o f  which i s  synchronized with t h e  r o t a t i o n  of t h e  modulator. 
The phase i n d i c a t o r  c i r c u i t ,  supp l i ed  by t h i s  genera tor ,  d e l i v e r s  t h e  vo l t age  
changed i n  a jump, which i s  determined by t h e  s i g n  o f  the  output  s i g n a l .  I n  
t h e  0 . 3 - 3  1-1 band t h e  modulator r a d i a t i o n  i s e q u a l  t o  zero ,  as the  r e s u l t  o f  
which i n  t h i s  band the  s i g n  of  the  wt;-:t s i g n a l  may be  only p o s i t i v e .  

On the  b a s i s  of t he  above, i t  i s  n o t  ha rd  t o  r ep resen t  (Figure 4a) t h e  
output  c h a r a c t e r i s t i c s  of  ins t ruments  of the f irst  type and the  shortwave 
instrument  of t h e  second type ,  which i n  the  unreal  case of  complete thermal 
equi l ibr ium,  i d e n t i t y  o f  elements of  o p t i c a l  channels o f  t he  two-beam system, 
and l i n e a r i t y  o f  t h e  ampl i f i ca t ion  c i r c u i t  are determined by t h e  equat ion 

Uout = k@ 

where U ou t  is  the output  vo l t age ,  k i s  the c o e f f i c i e n t  o f  conversi.on o f  the  - / 7  
flow i n t o  vo l t age ,  @ i s  the  flow o f  r a d i a t i o n  e n t e r i n g  the  ins t rument .  

For t h e  longwave instrument  o f  t h e  second type 
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where @ i s  t h e  flow dependent on t h e  temperature  of t h e  instrument  body. i n s  

The family o f  t h e  ou tpu t  c h a r a c t e r i s t i c s  of  t h i s  instrument  i s  presented  
i n  Figure 4b. 

The constancy of  t he  va lue  o f  t h e  conversion c o e f f i c i e n t  i s  a f f e c t e d  by 
a number of f a c t o r s  , such as f o r  example, t h e  constancy o f  the amplifier 
ampl i f i ca t ion  c o e f f i c i e n t  , s e n s i t i v i t y  o f  t h e  bolometer,  and o p t i c a l  character-  
i s t ics  o f  t he  o p t i c a l  elements.  

I t  i s  impossible  t o  maintain the  constancy o f  t hese  f a c t o r s  during t h e  
e n t i r e  s e r v i c e  l i f e  o f  t he  ac t inomet r i c  equipment, as the  r e s u l t  o f  which i n  
a narrow-angle ins t ruments  p e r i o d i c  c a l i b r a t i o n  i s  provided f o r ,  and i n  wide- 
angle  ins t ruments ,  where i t  is very d i f f i c u l t  t o  ca r ry  this  o u t ,  b u t  where the  
o p t i c a l  system i s  s imple r ,  t h e  e l e c t r i c a l  c a l i b r a t i o n  o f  t he  ampl i f i ca t ion  
c i r c u i t  i s  provided.  To exclude t h e  v a r i a b i l i t y  o f  the c h a r a c t e r i s t i c s  of 
ac t inomet r i c  equipment elements i n  process ing  information i t  i s  advisable  t o  
use the  r a t i o  between t h e  output  vo l tage  and t h e  vol tage  obta ined  during per -  
i o d i c  c a l i b r a t i o n  and s t anda rd iza t ion  , performed every seven minutes.  The 
s t anda rd iza t ion  s i g n a l s  are obta ined  when t h e  scanning mi r ro r  moves t o  a 90" 
angle  from the  n a d i r  wi th  t h e  simultaneous tu rn ing  on o f  t he  s i l i c o n  s tandard  
lamp. In  s t a n d a r d i z a t i o n ,  i n  o r d e r  t o  exclude t h e  i n t e r f e r i n g  s i g n a l s  from 
the  body of  t he  s t anda rd  lamp a q u a r t z  f i l t e r  i s  in t roduced  be fo re  the  para-  
b o l i c  mi r ro r .  

Simultaneously wi th  t h e  s t anda rd iza t ion  o f  the  narrow-angle ins t rument ,  
t he  c a l i b r a t i o n  o f  t h e  wide-angle instrument  i s  c a r r i e d  out  i n  the  process  of 
which a s tandard  c a l i b r a t i n g  vol tage  with the  frequency of 64 cps i s  de l ivered  
t o  t h e  inpu t  of t he  wide-angle instrument  a m p l i f i e r s .  

The output  vo l t ages  o f  t h e  ac t inomet r i c  equipment are  t r ansmi t t ed  i n t o  
t h e  t e l e m e t r i c  system over  8 channels i n  the  form of p o s i t i v e  p o l a r i t y  voltages 
from 0-6 V ,  and i n t e r r o g a t e d  i n  i t  wi th  a frequency o f  8 cps f o r  channels of  
t he  narrow-angle instrument  and with a frequency of 2 cps f o r  channels of  t he  
wide-angle ins t rument .  

For information i n t e r p r e t a t i o n  , a synchronous s i g n a l  channel is provided 
f o r  i n  t h e  ins t rument ,  over  which d i s c r e t e  vol tage  l e v e l s  between 0 and 6 V 
wi th  a 2 cps i n t e r r o g a t i o n  frequency i n  t h i s  channel a r e  de l ive red  t o  the  t e l -  
emet r ic  equipment. The synchronous-signal channel a s su res  the  sepa ra t ion  of 
information,  corresponding t o  var ious  s e c t o r s  of the  spectrum, marks the  work 
pe r iod  of  the  s t anda rd iza t ion ,  system, and determines the  sign of the  r a d i a t i o n  
i n  the  3-30 1-1 wide-angle channels .  

The temperature of  t h e  ac t inomet r i c  equipment i s  measured i n  f i v e  po in t s  
over  s p e c i a l  channels .  

The geographical  t y ing  i n  o f  information i s  c a r r i e d  ou t  by means o f  com- 
pa r i son  o f  the s i g n a l s  , de l ive red  by the  u n i t  o f  the  s i n g l e  time aboard,  with 
t h e  s i g n a l s  o f  t h e  l i n e  mark,  mixed i n t o  the  b a s i c  information.  



The r e l a t i v e  root-mean-square measurement e r r o r ,  determined under lab-  
o r a t o r y  condi t ions during c a l i b r a t i o n  o f  t he  equipment on a s i n g l e  day, amounts 
t o  about 0 .5%. This  e r r o r  is random and has been ca l cu la t ed  without  t ak ing  
i n t o  account the sys t ema t i c  e r r o r ,  which may be connected wi th  the  c a l i b r a t i o n  
process .  

Na tu ra l ly ,  the  random e r r o r  during the  e n t i r e  s e r v i c e  l i f e  of  t he  equip- 
ment on the  s a t e l l i t e ,  connected with aging o f  i t s  elements,  may inc rease  some- 
what. 
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P R I N C I P L E S  OF C A L I B R A T I O N  OF I ONGWAVE A C T I N O M E T R I C  
INSTRUMENTS ON WEATHER S A T E L L I T E S  

L .  B .  Krasil  'shchikov 

ABSTRACT: I n  t h e  a r t i c l e  the  au thor  presents t h e  p r i n c i p l e s  
o f  t h e  method o f  c a l i b r a t i o n  o f  longwave ac t inomet r i c  i n -  
struments o f  t h e  s a t e l  1 i tes by means o f  l abora tory  vacuum 
s imula tors  o f  t h e  black r ad ia t ion  and examines t h e  requi re -  
m e n t s  presented t o  the cal i b r a t i n g  e q u i p m e n t .  

The longwave ac t inomet r i c  instruments  o f  Sovie t  weather  s a t e l l i t e s  mea- 
s u r e  t h e  outgoing r a d i a t i o n .  

Depending on t h e  angle  of  t h e  f i e l d  o f  a v i s i o n  o f  t h e  instrument e i t h e r  
t h e  energy b r igh tness  of  t h e  ear th 's-atmosphere system i s  measured o r  t he  
energy dens i ty  o f  the  r a d i a t i o n  f l u x  [l]. 

The b r igh tness  is  measured i n  s p e c t r a l  bands of  3-30 and 8-12 I.I, and 
f l u x  dens i ty  i s  measured only i n  the  3-30 urange.  Before they are i n s t a l l e d  
on t h e  s a t e l l i t e s ,  t h e  ac t inomet r i c  instruments  m u s t  b e  c a l i b r a t e d  on the  
ground. 

Ca l ib ra t ion  o f  t h e  instruments  c o n s i s t s  of  determining the  conversion 
c o e f f i c i e n t s  o r  conversion f a c t o r s  f o r  changing over  from the  values  o f  t he  
output  vo l tage  t o  the  measured values  of  the  energy or e f f e c t i v e  b r igh tness  
and the  energy dens i ty  of  the  f l u x .  

The c a l i b r a t i o n  is  performed exper imenta l ly ,  s i n c e  the  ca l cu la t ed  de te r -  
mination o f  conversion c o e f f i c i e n t s  g ives  only approximate va lues .  

The conversion f a c t o r s  are a func t ion  o f  t i m e ,  ins t rument  temperature ,  
and t h e  f eed  vol tage .  
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Due t o  the  above-mentioned cause:, i n  determining t h e  t o t a l i t i e s  o f  the  
conversion f a c t o r s  ( c a l i b r a t i o n  curves') it i s  necessary,  as a parameter ,  t o  
p r e s c r i b e  the  temperature  of the %x-is~~dnkh& and t h e  f eed  vo l t age .  To make an 
allowance'  f o r  the  inf luence  of spontan-.ous v a r i a t i o n s  o f  t h e  conversj  an factor '  
with t i m e r  p e r i o d i c  e lec t r ica l  c a l i b r a t i o n  of t h e  ampl i f ica t ion  c i r c u i t s  i s  
provided $or i n  t he  ac t inomet r i c  wide-mgle ins t ruments ,  and i n  t h e  narrow- 
angle ins t ruments ,  t h e  p e r i o d i c  s t anda rd iza t ion  by a cons tan t  r a d i a t i o n  f l u x .  
The i n i t i a l  c a l i b r a t i o n  and s t anda rd iza t ion  signals, i n  t h e i r  t u r n  dependent 
on the temperature and t h e  feed  vol tage ,  are determined dur ing  t h e  ca l ibra t ion .  

The longwave channels o f  t h e  ac t inomet r i c  equipment ope ra t e  i n  l i m i t e d ,  
b u t  wide s p e c t r a l  ranges,  as t h e  r e s u l t  of which the  reproducib le  c a l i b r a t i o n  
may be achieved when s t r i c t l y  condi t ioned r a d i a t o r s  are used as t h e  sources .  

The b e s t  source of  r a d i a t i o n ,  possessing a s t r i c t  dependence of t h e  rad- 
i a t e d  f l u x  on the  temperature ,  and i t s  known spectrum d i s t r i b u t i o n ,  is t h e  
abso lu te ly  b lack  body. This  circumstance,  as w e l l  as t h e  e l imina t ion  o f  t he  
mul t ip l e  r e f l e c t i o n s  between c lose ly  loca t ed  r e c e i v e r  and r a d i a t o r  under the  

model's r a d i a t o r .  
c a l i b r a t i o n  condi t ions ,  r e q u i r e  the  use o f  an absolu te ly  b lack  body as the - /9 

I f  the  r a d i a t o r  i s  an abso lu te ly  b lack  body, t he  r a d i a t i n g  f l u x ,  picked 
up by t h e  r e c e i v e r  i s  p ropor t iona l  t o  the  d i f f e rence  T: - T;, where T i s  the  

temperature o f  t h e  r a d i a t o r ,  and T i s  the  temperature of the  r e c e i v e r .  Hence 2 
i t  fol lows t h a t  t he  output  vo l t age  depends both on the  temperature  of  t h e  
r a d i a t o r  and on t h e  temperature  of t he  r e c e i v e r .  In  genera l  t h e  output  v o l t -  
age may be a complex func t ion  o f  t he  temperature of t he  ins t rument ' s  body, 
because on it depends a l s o  the  s e n s i t i v i t y  o f  the  r e c e i v e r  and the  c a p a c i t o r ' s  
ampl i f i ca t ion  c o e f f i c i e n t .  I f  we cons ider ,  t h a t  t h e  temperature o f  t he  body 

1 

- 
Tb Tc T2,  then 

U=R(T,) (T: - 7-42) Q, 

where R i s  the  ape r tu re  of t h e  instrument .  
i s  made with a cold r a d i a t o r  o f  a cons tan t  temperature when the  o p t i c a l  chan- 
n e l s  of  measurement and comparison are i d e n t i c a l  

In  devices ,  w..ere t h e  comparison 

where T i s  the  temperature  o f  t h e  co ld  r a d i a t o r .  
C 

As it fol lows from express ions  (1) and (2) i n  both cases t h e  output  v o l t -  
age depends on the tempera ture  of t h e  receiver,  however i n  t h e  second case 
t h i s  dependence i s  determined only by the  k(T2) func t ion ,  which o f t e n  may be  

q u i t e  c lose  t o  a constant  va lue .  
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P l o t t i n g  o f  t he  c a l i b r a t i o n  curves with t h e  use o f  an abso lu te ly  b lack  
r a d i a t o r  should be  c a r r i e d  o u t  varying t h e  r a d i a t i o n  f l u x  d i r e c t e d  i n t o  t h e  
instrument  by varying t h e  'temperature o f  t h e r a d i a t o r ,  and not  by varying t h e  
ape r tu re  R ,  s i n c e  i n  a c t u a l  p r a c t i c e  the  ac t inomet r i c  instruments  are used 
wi th  a cons tan t  temperature .  

By making c a l i b r a t i o n  condi t ions  s imi la r  t o  t h e  condi t ions  of  the  work of  
t h e  ac t inometr ic  ins t rument ,  w e  decrease s u b s t a n t i a l l y  t h e  e r r o r s  connected 
wi th  t h e  s e l e c t i v i t y  o f  t h e  r ece iv ing  device,  e s p e c i a l l y  i n  t h e  8-12 u band. 

As it has been a l r eady  mentioned, during Ca l ib ra t ion  we should e s t a b l i s h  
a r e l a t i o n s h i p  between t h e  output  vo l tage  and t h e  e f f e c t i v e  b r igh tness .  
t h e  8-12 1-1 band, by e f f e c t i v e  b r igh tness  we should understand 

In  

's n f ( A ,  T ) d A ,  
LI 

where X1 and X 2  are boundaries  of t h e  range, determined by t h e  s p e c t r a l  char-  

a c t e r i s t i c s  o f  t h e  ins t rument .  
II-shaped s p e c t r a l  c h a r a c t e r i s t i c ,  t h e  p o s i t i o n  of  p o i n t s  X 
ca ted  q u i t e  i n d e f i n i t e l y .  

v a r i a b l e  we adopt the  va lue  o f  t he  energy b r i g h t n e s s  of  an abso lu te ly  black 

r a d i a t o r  B = aT4/7r milliwatt/cm2*steradian. This value does no t  depend on 
the  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t he  ac t inometr ic  instruments  themselves,  as 
the  r e s u l t  o f  which i t  was adopted as an independent v a r i a b l e  i n  p l o t t i n g  the  
c h a r a c t e r i s t i c s ,  bo th  i n  t h e  8-12 1-1 and i n  t h e  3-30  1-1 bands. This  c a l i b r a t i o n  
c h a r a c t e r i s t i c  p l o t t i n g  p r i n c i p l e  i s  a l l  t h e  more j u s t i f i e d ,  by the  fact  t h a t  
a c t u a l l y  the  changing and measured va lue  during c a l i b r a t i o n  i s  the  temperature  
o f  t he  b lack  r a d i a t o r  T .  
s a r y ,  may be  c a l c u l a t e d  according t o  the  known va lue  B with a c e r t a i n  approxi- 
mation. 

Since the  instrument does not  possess  a s t r i c t  
and h2  may be i n d i i  1 

A s p e c i f i c  c a l i b r a t i o n  c h a r a c t e r i s t i c  i s  obta ined ,  i f  as an independent 

The va lue  o f  the  e f f e c t i v e  b r i g h t n e s s ,  when neces- 

Since i n  a l l  wide-angle instruments  the  angle  of  the  f i e l d  of  v i s i o n  i s  
cons tan t ,  equal t o  the  a p e r t u r e  angle ,  and amounts t o  14Q0,  i n  c a l i b r a t i n g  
wide-angle instruments  we adopt as the  independent v a r i a b l e  the dens i ty  o f  
cur ren t  @, coming from the  b lack  r a d i a t o r  i n  a s o l i d  angle  wi th  an opening o f  
140°, @ = 0 . 8 8 5  oT4milliwatts/cm2. 
own s p e c t r a l  c h a r a c t e r i s t i c s .  

Value Q, does no t  depend on t h e  i n s t r x n e n t ' s  

For c a I i b r a t i o n  under condi t ions  s imilar  t o  the  a c t u a l  working condi t ions 
o f  the  equipment on t h e  s a t e l l i t e ,  i t  i s  r equ i r ed  t h a t  t h e  inpu t  windows of  
t he  instkuments ( s t r eaml ine r s )  , c r e a t i n g  an a d d i t i o n a l  modulated flow, would 
perform a thermal exchange wi th  t h e  ex te rna l  medium only by means o f  radiation..  
Exchange by means of  convection o r  h e a t  conduct iv i ty  o f  the  a i r  should be ex- 
cluded. 
t o  t h e i r  temperature  on t h e  s a t e l l i t e ,  i f  t he  condi t ions  o f  the r a d i a n t  h e a t  
exchange of  t he  s h e l l s  themselves,  and t h e i r  frames dur ing  c a l i b r a t i o n  would 
not  d i f f e r  s u b s t a n t i a l l y  . 

In  t h i s  case the  temperature of  t he  s h e l l s  would be  e s t a b l i s h e d  c lose  
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We can use the  c a l i b r a t i o n  curves obta ined  by means o f  an absolu te ly  
b lack  body, f o r  determining t h e  energy b r igh tness  of  grey r a d i a t o r s .  

The c a l i b r a t i o n  curves o f  a wicle-angle instrument  are abso lu te ly  app l i c -  
ab le  f o r  only a grey and a s imultaneously i s o t r o p i c  r a d i a t o r .  

On t h e  b a s i s  o f  t he  above, w e  can see t h a t  the c a l i b r a t i o n  process  con- 
sists o f  determinat ion o f  t he  ou tpu t  vo l tage  U as a func t ion  of  t h e  temp- 

e r a t u r e  o f  the  b lack  r a d i a t o r  T the  temperature o f  the ins t rument ’s  body 

and o f  t he  feed  vol tage  U determinat ion o f  the  s tandard  s i g n a l  U = 

out  

rad’  

Tins  f d ’  s t  

= f(Tins, U 
The c a l i b r a t i n g  equipment i s  based on b lack  s p h e r i c a l  r a d i a t o r s  wi th  a v a r i -  
ab l e  temperature and cold r a d i a t o r s ,  cooled wi th  l i q u i d  n i t rogen .  

) and a determinat ion o f  the c a l i b r a t i o n  s i g n a l  U f d  C = f(Tins, Ufd). 

The c o e f f i c i e n t  o f . r a d i a t i o n  o f  a s p h e r i c a l  r a d i a t o r  according t o  [2]  i s  
equal  t o  

where D i s  the diameter of  t h e  sphere ,  d i s  t h e  diameter of  t he  opening, 

i s  the  c p e f f i c i e n t  o f  r a d i a t i o n  o f  t h e  i n t e r n a l  coat ing o f  the sphere .  

The dependence of  t h e  c o e f f i c i e n t  o f  r a d i a t i o n  of  the c a v i t y  on the  co- 
e f f i c i e n t  o f  r a d i a t i o n  of  t he  coa t ing  under a d i f f e r e n t  d/D r a t i o  i s  presented  
i n  Figure 1. 

We should no te ,  t h a t  t he  cold r a d i a t o r ,  ope ra t ing  a c t u a l l y  as r a d i a t i o n  
absorber ,  should have a h igh  absorp t ion  c o e f f i c i e n t ,  whi le  a high r a d i a t i o n  
c o e f f i c i e n t  i n  t h i s  case has no s u b s t a n t i a l  s i g n i f i c a n c e .  This  reduces the  
requirements t o  the  n o n s e l e c t i v i t y  of  the i n t e r n a l  coa t ing  o f  the  sphere  i n  
t h e  longwave region o f  the  spectrum, s i n c e  the sphere  r a d i a t e s  when X x 

max 
= 2 5 v ,  and absorbs r a d i a t i o n ,  which has a X X 10 p. The E value  of  t h e  max k 

enamel used with 25 !J was not  determined, b u t  t h i s ,  as i t  fol lows from the  
above, i s  no t  very important .  

Construct ion of  i m i t a t o r s  o f  b lack  r a d i a t i o n  wi th  l a r g e  output  windows, 
having an E > 0.95,  i s  q u i t e  a f e a s i b l e  t a s k .  
meter i n  o r d e r  t o  ob ta ine  E = 0.98  we r e q u i r e  a sphere 400 mm i n  diameter ,  
pa in t ed  wi th  an enamel p a i n t  wi th  E = 0.8.  

With an opening 200 mm i n  d i a -  

k 

As it  had been a l ready  noted t h e  c a l i b r a t i o n  o f  ac t inomet r i c  instruments  
should be performed under t h e  condi t ions  which imitate  t h e  h e a t  exchange i n  
o u t e r  space.  
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For t h i s  purpose w e  should 
e l i m i n a t e  t h e  t ransmiss ion  o f  a 
h e a t  t o  gas .  The n a t u r a l  way o f  
a t t a i n i n g  t h i s  i s  by p l ac ing  t h e  
ins t ruments  c a l i b r a t e d  t o g e t h e r  
wi th  t h e  s p h e r i c a l  r a d i a t o r  i n t o  
a vacuum. 

- /11 

Let us  eva lua te  t h e  r equ i r ed  
vacuum, which should b e  maintained 
i n  the  system. 

A s  w e  know [ 33, t h e  h e a t  
conduct iv i ty  o f  a i r  begins  t o  
depend on a i r  p re s su re  p ,  when 
t h e  main free pass  o f  molecules 
- F i g u r e  1 .  Dependence of the  Radia- X becomes approximately equal  

t i on  Coeff ic ien t  of a Cavity on t h e  
Radiat ing Capacity of  i t s  In te rna l  
Coati n g .  

D! 

t o  t h e  d i s t a n c e  between the  walls. 

L e t  us assume t h a t  i n  our  
case 7 = 2 c m ,  whereas on the  bas- 

i s  of ;-= 1/fi"3 , where n i s  
the  number o f  molecules i n  a u n i t  
of volume, 6 is  the e f f e c t i v e  

d d 
1) d = o ;  2)  -=0,1; 3) d = 0 , 5 ;  4)  -=0,8. D !D. D 

diameter o f  t he  molecule,  w e  have 

which corresponds t o  Z*10-3 Torr .  

With a f u r t h e r  decrease  of  p re s su re ,  beginning with t h i s  va lue ,  the .  
h e a t  conduct iv i ty  of gas i n  the  vacuum system descr ibed  decreases .  what r e -  
s i d u a l  p re s su re  w i l l  prove s a t i s f a c t o r y ?  Apparently,  i t  w i l l  b e  a p re s su re ,  
when t h e  t ransmission of  h e a t  by h e a t  conduct iv i ty  through gas i s  s u b s t a n t i a l -  
l y  sma l l e r  than t ransmission o f  h e a t  by r a d i a t i o n .  Heat t ransmiss ion  by rad- 
i a t i o n  is p ropor t iona l  t o  the  d i f f e rence  o f  t h e  f o r c e  powers o f  t h e  tempera- 
t u r e ,  and t ransmiss ion  by h e a t  conduct iv i ty  i s  p ropor t iona l  t o  the  d i f f e rence  
i n  temperatures .  Evident ly  the  g r e a t e s t  r a t i o  q = T1 - T2/T41 - T42 cor res -  

ponds t o  the  worst  tal-ibrati on. 
1 

Since ,q= ( T ; + T ; ) ( T ~ + T ~ )  ' f o r  t he  c a l c u l a t i o n  w e  should t ake  t h e  smal- 

les t  T1 and T2.  

I n  ou r  case T = 0 ° C  and T2 = - 196°C. According t o  [3] heat t ransmission /12 1 
by h e a t  conduct iv i ty  through gas is  equal t o  

12 



w v g ~ ~  - T J  watts/cm2 (4) 

where a is the  accommodation c o e f f i c i e n t ,  a ? 1, IC i s  the  h e a t  conduct iv i ty  
o f  t h e  free molecules f o r  a i r  (K = 1 6 . 6 0 1 0 - ~  watts/cm2 degrees) ,  p is the  
p re s su re  i n  Torrs .  

Assuming t h a t  W = 0.10(T4 - T;), w e  have 1 

0,lm 4T; P= ---- - 6 .  10-4 Torr 
ax 

The r e s i d u a l  p re s su re  o f  t he  o r d e r  o f  10-4 Torr .  during c a l i b r a t i o n  of  
ac t inomet r i c  instruments  is e a s i l y  maintained by a s imple vacuum device,  con- 
t a i n i n g  a pre l iminary  r a r e f a c t i o n  pump VN461M and a high-vacuum pump VAO1-1 .  

Let us eva lua te  the  accuracy of  ob ta in ing  the conversion f a c t o r ,  which w e  

in*cm2 s t e r / v o l t s  o f  a narrow-angle ins t rument ,  ob ta ined  as t h e  
g e t  during c a l i b r a t i o n .  
s i o n  f a c t o r  y 

r e s u l t  o f  c a l i b r a t i o n ,  w i l l  be  

The genera l  expression f o r  the  value of  t h e  conver- 

1 

The value o f  t he  conversion f a c t o r  y 

men t 

i n  c m 2 / w a t t s  o f  t he  wide-angle i n s t r u -  2 

where U i s  the  output  vo l t age ,  rs i s  Stephan-Boltzmann's cons tan t ,  E i s  the  

r a d i a t i o n  c o e f f i c i e n t  o f  t h e  c a l i b r a t i o n  r a d i a t o r s ,  T i s  t h e  r a d i a t o r  tempera 

t u r e ,  T i s  the temperature of t h e  in s t rumen t ' s  body, T i s  the  temperature of 

t he  cold r a d i a t o r ,  19 i s  t h e  a p e r t u r e  of  t h e  wide-angle instrument .  

ou t  

1 

B C 

Assuming t h a t  Tf; - T4 X T f ;  , w e  have f o r  t he  narrow-angle instrument  a 
C 

r e l a t i v e  root-mean-square e r r o r ,  o r  t h e  v a r i a t i o n  c o e f f i c i e n t  

13 



Accordingly t h e  v a r i a t i o n  c o e f f i c i e n t  i n  c a l i b r a t i n g  t h e  wide-angle i n -  
s t rument  i s  equal  t o  

-- 
T2 T1 - 7k 

We may prove,  t h a t  assuming t h a t  ox = Ax/2, where ox i s  the  root-mean- 

square  e r r o r  o f  measurement of each v a r i a b l e ,  and Ax i s  the  confidence range, 
w e  have f o r  t h e  narrow-angle instruments  a / y l  x 2 % ,  and f o r  t he  wide-angle /13 

instruments  a /y2  * 8%. 
Y 1  

y 2  
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INFORMATION PROPERTIES OF S C A N N I N G  I N F R A R E D  EQUIPMENT OF WEATHER SATELLITES 

A .  A .  Kmito and V .  S .  S t e p k i n  

ABSTRACT, 
flow a p a r t  of t h e  information i s  l o s t .  
t h e  au thors  d e t e r m i n e  t h e  root-mean-square e r r o r  of t h e  
quantam s i g n a l .  They  obtained t h e  expression f o r  t h e  dy-  
namic e r r o r s  i n  measurements. T h e  e r r o r s  caused by t h e  
ac t ion  of t h e  u n s t a b i l i z i n g  f a c t o r s ,  a r e  examined app l i c -  
ably t o  t h e  two channel o p t i c a l  system. T h e  measure f o r  
indeterminancy is  t h e  convention entropy.  T h e  p robab i l i t y  
of de t ec t ion  of t h e  s igna l  is evaluated u n d e r  t h e  condi t ion  
o f  i n d e p e n d e n c e  of t h e  s ignal  and no i se ,  and a l s o  under t h e  
ac t ion  of t h e  normally d i s t r i b u t e d  rad ian t  flow and noise  
on t h e  system. 
p robab i l i t y  of de t ec t ion  of t h e  s igna l  and determined t h e  
l o s s  of information,  caused by t h e  indeterminancy i n  detec-  
t i on  of t h e  s i g n a l .  
expression f o r  t h e  eva lua t ion  o f  information p rope r t i e s  of 
t h e  e q u i p m e n t  of weather s a t e l l i t e s .  

I n  t h e  process of measurements of t h e  rad ian t  
I n  t h e  a r t i c l e ,  

T h e  au thors  obtained an expression f o r  t h e  

I n  conclusion t h e y  g i v e  a complete 

The scanning i n f r a r e d  equipment, intended f o r  measuring the  va lue  of t he  
r ad ian t  f l u x  and ob ta in ing  a thermal map of  t he  underlying s u r f a c e ,  may be  
considered as a channel f o r  conversion and t ransmission of information on the  
values  measured. For  t he  ana lys i s  and syn thes i s  o f  t h i s  equipment, w e  may use 
t h e  information theory appara tus .  The main advantage,  i n d i c a t i n g  the  r a t i o n -  
a l i t y  o f  t h e  use of  t h i s  appara tus ,  cons i s t s  o f  t he  p o s s i b i l i t y  o f  taking i n t o  
account t h e  random cha rac t e r  n o t  only of  t he  measurement e r r o r s  b u t  of  t he  
measurement value a l s o .  

- / 1 4  

In  the  process  o f  measurement the  r a d i a n t  f l u x  f a l l i n g  on the  input  p u p i l  
o f  t he  ins t rument ,  is transformed i n  i t  t o  an e l e c t r i c a l  s i g n a l ,  which i s  t h e  
c a r r i e r  of  information on the  s i z e  of  t h e  f l u x .  The amount o f  information 
contained i n  the  s i g n a l ,  according t o  [11, i s  w r i t t e n  down i n  the following 
way : 

where p ( u . )  i s  the p r o b a b i l i t y  o f  t h e  appearance o f  s i g n a l  u N i s  the  number 

o f  l e v e l s  o f  quan t i za t ion  o f  the s i g n a l .  

During the  measurement o f  t he  r a d i a n t  f l u x  a p a r t  o f  t h e  information i s  
10s The i n  rmation loss i s  caused by measurement e r r o r s  and indeterminancy i n  h t e c t i n g  &e s i g n a l .  

1 i’ 
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The e r r o r s  i n  measuring t h e  abso lu te  va lue  of t h e  r a d i a n t  f l u x  are posed 
by t h e  quan t i za t ion  o f  t he  s i g n a l  i n  time and w i t h  r e s p e c t  t o  t h e  l e v e l ,  by 
t h e  l i m i t e d  s e n s i t i v i t y  of t h e  equipment and i t s  t i m e  l a g ,  r e s p e c t i v e l y ,  and 
a l s o  by the  a c t i o n  of  t h e  noises  and t h e  u n s t a b i l i z i n g  f a c t o r s .  L e t  u s  ex- 
amine them. 

Quant izat ion o f  t h e  signal wi th  r e spec t  t o  time, without  t ak ing  i n t o  
account t h e  dynamic c h a r a c t e r i s t i c s  o f  the  equipment, is  c a r r i e d  out  on t h e  
b a s i s  o f  A .  V.  Kote l 'n ikov ' s  theorem, assuming t h a t  t h e  spectrum of  the  s i g n a l  
with a length  T is  inc luded  i n  t h e  frequency band between 0 and ~ ' ~ 4  We ob- 

t a i n  t h e  abso lu te  root-mean-square e r r o r  o f  de te rmina t ion  o f  t he  inpu t  r a d i a n t  
f l u x  ;SQf,zaused by t h i s ,  using Rayleigh 's  theorem [ 2 ] ,  i n  t h e  fo l lowing  form: 

where IF(iw)l i s  the  amplitude-frequency spectrum o f  t h e  f l u x .  

In  t h e  case when t h e  c o r r e l a t i o n  func t ion  of  the  r a d i a n t  f l u x  measured - /15 
(which i s  o f t e n  performed i n  a c t u a l  p r a c t i c e )  i s  approximated by the  expo- 
n e n t i a l  dependence of  t h e  form of  

the  s i g n a l ' s  s p e c t r a l  dens i ty  i s  expressed [ 3 ]  by t h e  formula 

where R(0) i s  the  d i spe r s ion  o f  t h e  r a d i a n t  f l u x  measured. 

Taking. t h i s  i n t o  account,  w e  r e w r i t e  express ion  ( 2 )  i n  t h e  fol lowing 
manner : 

I n  measuring t h e  r a d i a n t  f l u x  by equipment, t he  dynamic p r o p e r t i e s  o f  
which may be cha rac t e r i zed  by t h e  i n e r t i a  c o e f f i c i e n t  T ,  w e  i n t roduce  dynamic 
e r r o r s ,  dependent on t h e  s p e c i f i c  f e a t u r e s  o f  i n t e r p r e t a t i o n  o f  t he  r e s u l t s  
ob ta ined  [ 3 ] .  ' If the  ins tan taneous  readings of t h e  s i g n a l  are i n t e r p r e t e d  as 
the  ins tan taneous  magnitudes of  t he  va lue  measured, t h e  root-mean-square e r r o r  
of i t  i s  expressed by t h e  formula 
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L e t  us cons ider  t h a t  approximation'of t h e  free type is  c o r r e c t ,  and t ake  
i n t o  account t h a t  d i spe r s ion  of t h e  i n e r t i a l  instrument  readings R (0) is  con- 

nec ted  wi th  t h e  d i spe r s ion  o f  t h e  measured va lue  R ( 0 )  [3] by t h e  r e l a t i o n s h i p  
1 

Then t h e  dynamic e r r o r  o f  t h e  measurement o f  ins tan taneous  va lues  o f  the  rad- 
i a n t  f l u x  w i l l  b e  

where s ( w )  i s  t h e  v o l t  s e n s i t i v i t y  o f  t he  r ece ive r  with t h e  given modulation 
frequency w,  k(w) i s  the  t ransmission func t ion  of  t he  e l e c t r i c  channel.  

Quant izat ion o f  t h e  s i g n a l  according t o  the  l e v e l ,  caused by the  l i m i t e d  
s e n s i t i v i t y  of t h e  equipment, r e s u l t s  i n  t h e  appearance o f  e r r o r s  i n  the  mea- 
surement of  i t s  amplitude va lues .  Taking i n t o  account,  t h a t  t he  th re sho ld  
s e n s i t i v i t y  of t he  equipment examined A @  does n o t  undergo any s u b s t a n t i a l  

changes i n  the  working range and t h a t  the quan t i za t ion  e r r o r s  with r e spec t  t o  
l e v e l  w i th in  t h e  l i m i t s  o f  the  quan t i za t ion  s t e p s  are d i s t r i b u t e d  uniformly, 
f o r  eva lua t ing  t h i s  e r r o r  we may use the  known [ 2 ]  formula 

t h r  

Measurement e r r o r s ,  caused by t h e  a c t i o n  of  the d i s tu rb ing  f a c t o r s ,  de- 
pend on t h e  design of the  s t r u c t u r a l  diagram o f  the  equipment, i nc lud ing  the 
o p t i c a l  p a t h ,  determining i t s  r e s i s t a n c e  t o  no i ses .  The l a t t e r  is  e s p e c i a l l y  
high i n  t h e  two-channel o p t i c a l  system, which i s  o r d i n a r i l y  used i n  the  scan- 
ning equipment o f  weather  sa te l l i t es .  
i s  r e f l e c t e d  from the  scanning m i r r o r  m and t h e  s tandard  f l u x  @ is re f lec t -  

ed from t h e  f ixed  mi r ro r  m2.  

and f2 ,  and modulated by t h e  mechanical i n t e r r u p t e r  M, which provides  f o r  t h e  

a l t e r n a t i n g  a r r i v a l  o f  t h e s e  fluxes on the  c o l l e c t i n g  mi r ro r  m , which d i r e c t s  

t h e  f l u x  t o  the  r e c e i v e r .  The e lectr ical  s i g n a l ,  generated by the  r e c e i v e r ,  

In  t h i s  system the  inpu t  r a d i a n t  f l u x  CP - /16 

1'. 0 
These f luxes  pass  through o p t i c a l  f i l t e r s  f l  

3 
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a r r i v e s  a t  t h e  e l e c t r i c  c i r c u i t  o f  t he  equipment, and i s  then t r ansmi t t ed  
over  t h e  t e l e m e t r i c  system, t h e  e r r o r s  o f  which are not  examined he re .  The 
p r i n c i p a l  equat ion o f  t he  equipment, c o l l e c t e d  according t o  the  system i n d i -  
ca ted ,  ev iden t ly  w i l l  have t h e  fol lowing appearance: 

where c = w A 0 s ( ~ ) k ( ~ ) p , f m  ; B and B are energy b r igh tnesses  a t  the  inpu t ;  

w i s  the  angle o f  t he  f i e l d  o f  v i s i o n  o f  t h e  equipment; A and A are the  a reas  

0 
3 1 

0 
o f  the  inpu t  pup i l  and r e c e i v e r ,  r e spec t ive ly ;  0 i s  the  r a d i a t i o n  low c o n s t a n t  

The e f f i c i e n c i e s  of  t h e  elements of  the  o p t i c a l  channel a r e  designated 
with p '  wi th  the corresponding i n d i c e s ,  the  temperature is  T ,  t he  r a d i a t i n g  
capac i ty  i s  E, the  a r e a  i s  A and the  c o e f f i c i e n t s  making an allowance f o r  t he  
s h a r e  o f  r a d i a t i o n  i n  t h e  s p e c t r a l  range s e l e c t e d  are b .  

In  case the values  included i n  formula (10) are' independent,  t he  abso lu te  
root-mean-square e r r o r  o f  measurement o f  t h e  r a d i a n t  f l u x  6@ 

a c t i o n  of  t h e  a d d i t i v e  no i ses  6u, the  randomly changing ex te rna l  ac t ions ,  and 
i n s t a b i l i t y  o f  the  s t anda rd  f l u x  6 Q 0 ,  w i l l  be  

caused by the  B '  

We no te ,  t h a t  from the  formula obta ined  i t  fol lows t h a t  t he  o p t i c a l  
system hpq the h ighes t  no i se  r e s i s t a n c e  i f  the  r a d i a t i o n  of  mir rors  m, and m 

themselves i s  equal ,  and a l s o  2f tFie coe f f l c i . en t s  o f  t ransmission o f  botr, 
2 

- 
and p '  = p k  = p i ) .  In  t h i s  - f i l t e r s  Zi-G equal ( = E = E, Tm - Tm 

2 1 2 fl 2 m 1 
case t h e  amplitude of t he  output  s i g n a l  u i s  determined by the d i f f e rence  o f  
t he  r a d i a n t  f luxes  @ - Qio. 

t he  ac t ion  o f  the  f a c t o r s  examined, i n  t h i s  case w i l l  b e  minimum and equal  t o  

The r e l a t i v e  root-mean-square e r r o r ,  caused by 
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From the  l a t t e r  re la t i .onships  w e  can s e e  t h a t  t h e  e r r o r s  depend substan-  
t i a l l y  on the  s igna l - to -no i se  r a t i o  a t  the  output  o f  t he  equipment, i nc reas ing  
a t  t he  beginning o f  t h e  measurement band. 

In  eva lua t ing  t h e  t o t a l  e r r o r  o f  measurements we should sometimes t a k e  
i n t o  account t he  fact  t h a t  t he  mechanical modulation o f  t h e  r a d i a n t  f lux re- 
s u l t s  i n  the l o s s  o f  information on the  value measured a t  those t i m e  moments 
when the  f l u x  is  overlapped by the  modulator’s  ve ins .  
l a t i o n  e r r o r  decreases  wi th  the  inc rease  of t he  modulation frequency w accord- 
i n g  t o  the  r e l a t i o n s h i p  

The va lue  of t h e  modu- - /17 

where il i s  the  p r i n c i p a l  va lue  o f  t he  change i n  the i n p u t  r a d i a n t  f l u x .  

The t o t a l  measurement e r r o r  r e s u l t s  i n  the  f a c t  t h a t  a f t e r  ob ta in ing  t h e  
r e s u l t s  t h e r e  remains a c e r t a i n  indeterminancy with r e s p e c t  t o  the  values  of  
t he  r a d i a n t  f l u x  p r e s e n t .  The ove r -a l l  measure of  the  r e s u l t s  i n  determinancy 
is  the  conventional entropy,  which represents  t h e  sum o f  p a r t i c u l a r  convention- 
a l  en t rop ie s  weighted by t h e  corresponding p r o b a b i l i t i e s ,  i , e .  , 

where z = @ + 60 i s  one o f  t he  p o s s i b l e  r e s u l t s  o f  measurement, p ( z . )  i s  i t s  

prob abi  l i  t y  , 
3 

p (u i / z . )  i s  the  convent ional  p r o b a b i l i t y  of the  f a c t  t h a t  t he  va lue  o f  u. oc- 

curred wi th in  the  i - t h  range,  i f  we know t h a t  t h e  measurement r e s u l t  cor res -  
ponded t o  t h e  j - t h  i n t e r v a l  z .  

7 1 

Determination of t he  conventional p r o b a b i l i t y  p(ui /z  .)  is  connected wi th  
J 

t h e  n e c e s s i t y  of  cons t ruc t ing  p a r t i c u l a r  laws o f  p r o b a b i l i t y  d i s t r i b u t i o n  z .  
A conventional p r o b a b i l i t y  p ( z . / u . )  i s  determined more simply. As the  r e s u l t  

o f  conversion from p r o b a b i l i t y  p ( u . / z . )  t o  p r o b a b i l i t y  p (z . /u i )  we ob ta in  t h e  

fol lowing expression f o r  determining t h e  conventional entropy:  

J 1  

1 7  J 

19 



From express ion  (15) i t  follows t h a t  f o r  c a l c u l a t i n g  the conventional 
entropy we should have a l a w  o f  d i s t r i b u t i o n  o f  t h e  sum u + 6u. .Within t h e  
l i m i t s  o f  the  quan t i za t ion  range w e  can assume, t h a t  the  va lue  o f  t h e  s i g n a l  
i's e x t r i b u t e d  according t o  a uniform law. We assume t h a t  t h e  law o f  t h e  e r r o r  
measurement d i s t r i b u t i o n  i s  normal. This assumption i n  general  does n o t  cont- 
r a d i c t  t h e  e r r o r  theory .  Then, as i t  i s  shown i n  [4], t h e  conventional prob- 
a b i l i t y  p(z . /ui)  w i l l  b e  equal  t o  

J 

where m = A/u 
mean-square e r r o r ,  e r f  (t) i s  t h e  t abu la t ed  Laplace func t ion .  

i s  the  parameter ,  A i s  the  quan t i za t ion  s t e p ,  u i s  the  roo t -  

A t  t he  i n p u t  p u p i l  of t h e  instrument  theradiant f lux arr ives , represent inp,  a 
mixture of  r a d i a t i o n s  o f  t he  underlying s u r f a c e  and atmospheric r a d i a t i o n .  In  
t h i s  case the l a t t e r  i s  an i n t e r f e r e n c e .  Atmospheric r a d i a t i o n  i s  transformed 
i n  the  instrument  i n  the  same way as t h e  p r i n c i p a l  s i g n a l .  Let us assume, 
t h a t  t he  atmospheric r a d i a t i o n  i s  s u b j e c t  t o  the  normal l a w  wi th  the  mathemati- 
c a l  e x p l o i t a t i o n  mn and t h e  s tandard  dev ia t ion  on ( f o r  the  s p e c t r a l  range 

s e l e c t e d ) .  This assumption w a s  made from the  condi t ion ,  t h a t  from the  p o i n t  
o f  view o f  ob ta in ing  information t h i s  law i s  the  most favorable ,  and i n  t h i s  
case we eva lua te  t h e  work of  t he  instrument  under the worst  p o s s i b l e  condi t io=  
We have 

c /1: 

As a r e s u l t  o f  t h e  conversion o f  the  r a d i a n t  f l u x  i n t o  e l e c t r i c a l  s i g n a l ,  
t he  envelope o f  t he  e r r o r  s i g n a l  w i l l  have t h e  fol lowing appearance 

where u i s  the  n o i s e  vo l t age ,  a i s  t h e  c o e f f i c i e n t  o f  conversion of t he  rad-  

i a n t  f l u x  i n t o  t h e  e lec t r ica l  signal. 
a 
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I n  add i t ion  t o  the  i n t e r f e r e n c e  which i s  ex te rna l  wi th  r e spec t  t o  the  i n -  
s t rument ,  t h e r e  are ins t rumenta l  no i se s  among which _are t h e  no i se  o f  t he  
r a d i a t i o n  r e c e i v e r ,  and the  e l e c t r o n i c  system no i se .  The d i s t r i b u t i o n  o f  t he  
envelope o f  t h i s  n o i s e  according t o  work [SI i s  s u b j e c t  t o  t h e  l a w  

where n i s  the mean square  va lue  of  t he  no i se .  

The i n t e r f e r e n c e  s i g n a l  and t h e  no i se  a r e  independent,  t h e r e f o r e  the  en- 
velope of  t h e  i n t e r f e r e n c e  s i g n a l  and no i se  t o t a l  w i l l  be d i s t r i b u t e d  accord- 
i n g  t o  the  fol lowing l a w  

where T-0 = 1/ u’,+ (Ua- m ) 2 ,  
o,=n 2 2 +oa. 2 2  

Fur the r ,  l e t  us assume that the  value o f  the  r a d i a n t  f l u x  from the  de- 
composition element has been d i s t r i b u t e d  according t o  the  normal l a w  with 
mathematical expec ta t ion  m and root-mean-square dev ia t ion  0 .  This  assumption 
i s  adopted, proceeding from t h e  f a c t  t h a t  under the  normal d i s t r i b u t i o n  l a w  
w e  ob ta in  the  maximum o f  information on the  s i z e  of  the  flow. Then as the  
r e s u l t  o f  conversion o f  t h e  r a d i a n t  flow i n t o  t h e  e l e c t r i c a l  s i g n a l ,  a t  t h e  
output  of  the  r a d i a t i o n  r e c e i v e r  we ob ta in  t h e  d i s t r i b u t i o n  of  t h e  envelope of 
t he  s i g n a l  i n  the  fol lowing form 

We assume t h a t  a t  the  output  o f  the  r a d i a t i o n  r e c e i v e r  w e  observe an os-  
c i l l a t i o n ,  which w i l l  r ep resen t  e i t h e r  t he  mixture o f  the  s i g n a l  and the  no i se  
r e s u l t a n t ,  or t h e  no i se  a lone .  

The d i s t r i b u t i o n  of  t h e  p r o b a b i l i t y  of  the  envelope o f  t he  s i g n a l  and /19 
no i se  i n  t h i s  case i s  a l s o  s u b j e c t  t o  Rayleigh’s l a w  

E ~ a ;  f (E)  = - e 4 , 
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where 

This  sum, having passed through the  synchronous d e t e c t o r  w i th  t h e  conversion 
1 aw 

z = BE, 

where f3 is  the  conversion c o e f f i c i e n t ,  we w i l l  have a 
o f  

z' -- 

To determine t h e  p r o b a b i l i t y  of  de t ec t ion  o f  t h e  
th re sho ld  l e v e l .  We s h a l l  ob ta in  i t s  va lue  according 
t h e  f a l s e  alarm. 

Let us assume, t h a t  t he  instrument  i s  ac t ed  upon 
the  p r o b a b i l i t y  o f  fa lse  alarm i s  equal t o  

Hence 

d i s t r i b u t i o n  i n  t h e  form 

s i g n a l  l e t  us f i n d  the  
t o  the  p r o b a b i l i t y  o f  

b y  the  no i se  only .  Then 

The value o f  func t ion  F may be  determined from the  r a t i o  

t h e  number of  pe rmis s ib l e  ._ grada t ions  -- skipped 
number o f  g rada t ions  F =  __ 

Then the  p r o b a b i l i t y  of  d e t e c t i o n  o f  t he  s i g n a l  w i l l  be  determined as 
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A s  t he  r e s u l t  o f  i n t e g r a t i o n  we o b t a i n  

where k i s  the  s igna l - to -no i se  r a t i o .  

The amount of information l o s t  as the r e s u l t  o f  ambiguity i n  de t ec t ion  o f  
t he  s i g n a l  i s  equal  t o  

N 

HA(P)= 2 Pklogpk- 
& = I  

In  t h i s  way, the.amount o f  information which may be obta ined  a t  t h e  out -  1 2 0  
put  of  the  i n f r a r e d  ins t rument ,  t ak ing  i n t o  account t he  a c t i o n  of t he  above- 
examined f a c t o r s  w i l l  b e  determined from the  expression 

- 

Using the  above r e l a t i o n s h i p s  i t  is no t  d i f f i c u l t  t o  eva lua te  the  inform& 
t i o n  p r o p e r t i e s  of  s p e c i f i c  models of  equipment i n  t h e  meteorological  sa te l -  
l i t e s .  
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STATISTICAL CHARACTERISTICS OF THE SCANNING I N F R A R E D  EQUIPMENT SIGNALS 

G .  P .  Vimberg,  Y u .  A .  Dranishnikov, V .  I .  lvanov and V .  V .  Puchkov 

ABSTRACT: I n  order to d e t e r m i n e  t h e  e f f e c t i v e  ind ica t ions  of  
recogni t ion of var ious  r ad ia t ing  su r faces  (c loudiness  , u n d e r -  
lying s u r f a c e )  according t o  t h e  results o f  IR-equipment 
measurements of t h e  experimental weather s a t e1  1 i te Kosmos- 
122 t h e  au thors  carried o u t  t h e  c a l c u l a t i o n s  of  t h e  following 
c h a r a c t e r i s t i c s :  one-dimensional laws of  d i s t r i b u t i o n  of t h e  
amp1 i t u d e s  o f  t h e  s igna l  and the i r  numerical c h a r a c t e r i s t i c s ,  
mathematical expec ta t ion ,  d i spe r s ion  and cen t r a l  moments of 
t h e  t h i . r d  and fou r th  o r d e r s ;  c o e f f i c i e n t s  of c o r r e l a t i o n  f o r  
a l l  t h e  second moment of  d i s t r i b u t i o n ,  asymmetry, and excess ;  
au tocor re l a t ion  func t ions  of  t h e  amplitude of t h e  s igna l  along 
and across  t h e  d i r e c t i o n  of  scanning o f  t h e  I R - e q u i p m e n t .  
I n  t h e  a r t i c l e  t h e  au thors  g i v e  t h e  c h a r a c t e r i s t i c s  of t h e  
i n i t i a l  mater ia l  and present  t h e  results of t he i r  c a l c u l a t i o n s .  

The i n f r a r e d  scanning equipment of t h e  t e l e v i s i o n  type ,  i n s t a l l e d  on the  
experimental  weather s a t e l l i t e  KOSMOS-122, measured t h e  outgoing r a d i a t i o n  o f  
t h e  e a r t h ' s  atmosphere system i n  t h e  s p e c t r a l  range o f  8-12 1-1. 

- / 2 1  

The r e s u l t s  o f  t he  measurements made by means o f  t h e s e  equipments were 
represented  i n  t h e  form o f  a b r igh tness  image o f  t h e  band o f  IR-equipment s u r -  
vey band ( the  i n f r a r e d  p i c t u r e  o f  clouds and t h e i r  underlying s u r f a c e ) ,  which 
enables  us t o  t r a c e  t h e  cloudiness  f i e l d s  above the  t e r r e s t r i a l  globe,  and 
a l s o  i n  the  form o f  abso lu t e  values  o f  s i g n a l s  a t  t h e  output  of t h e  equipment, 
y i e l d i n g  information on t h e  temperature o f  t he  underlying su r face  and t h e  
upper boundary o f  t h e  clouds [1, 21. 

We know [ 3 ,  41, t h a t  t h e  outgoing r a d i a t i o n  i n  t h e  above-mentioned spec-  
t r a l  range depends on a 
underlying s u r f a c e  and the  c o e f f i c i e n t  of i t s  r a d i a t i o n ,  t h e  v e r t i c a l  d i s t r i -  
bu t ion  o f  the  temperature ,  p re s su re ,  and moisture  of  t he  a i r ,  t he  t o t a l  ozone 
conten t ,  and o t h e r s .  
p i c t u r e s  of  clouds and underlying su r face  i n  a number o f  cases is  d i f f i c u l t  
and i s  not  always unambiguous [5,  61. 

number of  parameters ,  such as t h e  temperature  of t h e  

A s  t he  r e s u l t  o f  t h i s  t h e  i n t e r p r e t a t i o n  o f  i n f r a r e d  
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A l l  Lhe above mentioned parameters ,  which determine t h e  outgoing r ad ia -  
t i o n  i n  the  8-12 1-1 t ransparency window of the 'a tmosphere,  v a r i e s  s u b s t a n t i a l l y  
i n  t i m e  and space,  t h e s e  v a r i a t i o n s  bedr ing  a random cha rac t e r .  Therefore  i t  
is n a t u r a l ,  t h a t  i n  o r d e r  t o  ob ta in  o b j e c t i v e  c h a r a c t e r i s t i c s  of the  f i e l d s  
of  c loudiness  and t h e  temperature  o f  the  r a d i a t i n g  s u r f a c e  w e  r e q u i r e  t h e  use 
of s t a t i s t i c a l  methods o f  i n t e r p r e t a t i o n  and ana lys i s  of  t h e  r e s u l t s  o f  meas- 
urements performed by means o f  IR-equipment on s a t e l l i t e s ,  which i n  i t s  t u r n  
w i l l  enable  us t o  automate t h e  l a t t e r ,  and t o  p reeva lua te  the  p r o b a b i l i t y  o f  
recogni t ion  o f  var ious  shapes and types o f  clouds aga ins t  t h e  background o f  
t h e  underlying su r face .  

The determinat ion o f  the e f f e c t i v e  f e a t u r e s  o f  d e t e c t i o n  o f  var ious  under- 
l y i n g  su r faces  r equ i r e s  the knowledge o f  such s ta t is t ical  c h a r a c t e r i s t i c s ,  as 
f o r  example the 'laws o f  d i s t r i b u t i o n  o f  t h e  s i g n a l  ampli tudes,  t h e  func t ions  
of  t h e  in te re lement  and i n t e r l i n e  c o r r e l a t i o n ,  t h e  s p e c t r a l  func t ions ,  and 
s o  f o r t h .  
i n g  on the  M-20 e l e c t r o n i c  computer: 

For t h i s  purpose w e  developed programs f o r  c a l c u l a t i n g  the  follow- 

1 )  off s i n g l e  dimension laws o f  d i s t r i b u t i o n  of  t h e  amplitudes of t h e  
s i g n a l  and t h e i r  numerical  c h a r a c t e r i s t i c s ,  and a l s o  of t h e  mathematical ex- 
p e c t a t i o n ,  d i spe r s ion ,  and c e n t r a l  moments of  t h e  t h i r d  and fou r th  o rde r s ;  

2 )  t he  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  a l l  f o u r  moments of  d i s t r i b u t i o n  of - / 2 2  
p o i n t  1, asymmetry, and access ;  

3) autocorre ' lat ionl func t ions  o f  the  amplitudes o f  t h e  s i g n a l  along and 
across  the  scanning d i r e c t i o n ;  

4) i n t e r l i n e  c o r r e l a t i o n  and mutua l -cor re la t ion  func t ions  i n  the  two 
d i r e c t i o n s .  

Here we use the  r e l a t i o n s h i p s  known from mathematical s t a t i s t i c s  [7]  : 

For mathematical expec ta t ion  
n 

For moments o f  t h e  v - th  o r d e r  when v > 2 - 
n 

1 m, =T (ui -Zr)'. 
I T 1  

The non-displaced eva lua t ions  of t he  moment o f  d i s t r i b u t i o n  o f  t h e  s i g n a l  
amplitudes were c a l c u l a t e d  with the  formulas 
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M3 = 
n2 

(n-1) ( n - 2 )  m3 * 

n (n2-2n + 3) m4 3n (2n - 3 )  mi 
M4= ( n - l ) ( n - 2 ) ( n - v  - ( n - I ) ( n - 2 ) ( n - 3 ) - 9  

(4) 

(5) 

where m m m and m are determined from r e l a t i o n s h i p s  (1) and (2 ) .  1’ 2’  3 4 

The asymmetry i n  excess  of  d i s t r i b u t i o n  p o i n t  1 were determined from the  
exp r e s  s i ons 

3 -  where q m3 and q2=---- a r e  s e l e c t e d  c o e f f i c i e n t s  o f  asymmetry m4 
m2, 1 =m”/2 

2 

and excess .  

The c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  s e l e c t e d  va lues  o f  t he  analog of  
s i g n a l  U and U .  were ca l cu la t ed  wi th  the  formula 

i 7 

m. . 
Ti, = ~ 

1 .  J 
S l S j  ’ (9) 

Here s and s a r e  s t anda rd  devia t ions  o f  va lues  U and U (i = 1, 2 ,  . . . , n,  

j = 1 , 2 ,  ..., n ) .  
i j i j 

The c a l c u l a t i o n  o f  a u t o c o r r e l a t i o n  and mutual c o r r e l a t i o n  func t ions  i s  - / 2 3  
performed wi th  t h e  expressions 
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where x and y des igna te  the  d i r e c t i o n  along and across  the scanning d i r e c t i o n  
r e spec t ive ly .  

The undisplaced second moments M 2  are determined wi th  formula ( 4 ) .  I n  

a l l  t he  above given r e l a t i o n s h i p s  n s i g n i f i e s  t h e  number of  s e l e c t e d  values  o f  
t h e  output  s i g n a l  U i '  

The d i s t r i b u t i o n  laws and a l l  t he  numerical c h a r a c t e r i s t i c s  were d e t e r -  
mined i n  t h e  s e l e c t i o n  of  va lues  of t he  envelope o f  t h e  output  s i g n a l  from 
t h e  elements be ing  determined. The volume of t h i s  sample w a s  s e l e c t e d  as 
v a r i a b l e  and amounted t o  10 ,  50, 100, and 200 counts o f  t he  s i g n a l  envelope 
from the  r ec t angu la r  s e c t o r s  of the cloud f i e l d  o r  background wi th  dimensions 
o f  15 -x 100; 75 x 150; 150 x 150; and 150 x 300 km r e s p e c t i v e l y .  

In  o r d e r  t o  determine t h e  c o r r e l a t i o n  func t ions  on the  cloud f i e l d  o r  a 
s e c t o r  o f  the  background we s e l e c t e d  a square measuring 450 x. 450 and 600 x 
x 600 km. In  t h e s e  sq.uares t h e  au tocor re l a t ion  func t ion  was ca l cu la t ed  f o r  
t he  f irst  l i n e s  i n  two (with r e s p e c t  t o  x and y) mutually perpendicular  d i r -  
e c t i o n s .  

In  t h e  i n v e s t i g a t i o n  of  the  i n t e r l i n e  c o r r e l a t l m  we used counts of  the  
s i g n a l  envelope from l i n e s  1 - 2 ,  1-3,  1 -4 ,  ..., 1-30, i n  both  d i r e c t i o n s .  

To determine the  mutual c o r r e l a t i o n  func t ion  w e  took the  readings o f  t h e  
s i g n a l  from the  f irst  l i n e s  wi th  r e spec t  t o  x and y .  

A s  the  i n i t i a l  ma te r i a l  f o r  c a l c u l a t i n g  the  s t a t i s t i c a l  c h a r a c t e r i s t i c s  
we used the  analog records  of  the  absolu te  va lue  of t h e  s i g n a l  along the  scan- 
ning l i n e s  o f  the  i n f r a r e d  equipment and i n f r a r e d  p i c t u r e s  o f  clouds and under- 
l y ing  su r face ,  ob ta ined  as t h e  r e s u l t  o f  measurements on two loops (1,602 and 
1,678) from the  experimental  weather s a t e l l i t e  KOSMOS-122 on 11 and 16 October 
1966. 

The p repa ra t ion  o f  the  i n i t i a l  ma te r i a l  f o r  performing the  ca l cu la t ions  
cons is ted  of  t h e  fol lowing s t a g e s :  

determinat ion of t he  readings of  the  abso lu te  va lue  of  t h e  s i g n a l  
along the  scanning l i n e ,  

determinat ion of  the  number of  grada t ions  f o r  ob ta in ing  the  numerical 
value of  t h e  absolu te  va lue  o f  t h e  s i g n a l  u n t i l  the  l eve l  of quan t i za t ion  
along the  l i n e s ,  

t h e  t i m e  and geographical  t y ing - in  o f  i n f r a r e d  p i c t u r e s  of  c loudiness  
and underlying s u r f a c e ,  

t h e  t i m e  t y ing - in  o f  the absolu te  va lue  of  the  s i g n a l  t o  the  i n f r a r e d  
p i c t u r e s  of c louds,  
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t h e  s e l e c t i o n  of t y p i c a l  r a d i a t i n g  s u r f a c e s  according t o  the  i n f r a -  
r ed  p i c t u r e s  o f  clouds and underlying surface, 

s e p a r a t i o n  o f  c h a r a c t e r i s t i c  r a d i a t i n g  s u r f a c e s  i n t o  i n d i v i d u a l  
squares  and s e l e c t i o n  of t h e  corresponding abso lu te  signal va lues .  

Since the  abso lu te  va lues  o f  t h e  s i g n a l s  o f  t h e  i n f r a r e d  equipment are 
represented  i n  t h e  form o f  analog records on a movie f i l m ,  f o r  t h e i r  s ta t is-  
t i ca l  process ing  i t  is  necessary  t o  select  a number of  readings of  the  &so- 
l u t e  values  of the s i g n a l s ,  along t h e  scanning l i n e  and t o  determine the  
number o f  grada t ions  f o r  ob ta in ing  t h e  numerical  va lue  of  t h e  abso lu te  s i g n a l  
value a t  every l e v e l  o f  quan t i za t ion  along the  l i n e s .  

- /24 

The number o f  readings o f  absolu te  s i g n a l  values  a long the  scanning l i n e s  
of  t h e  i n f r a r e d  equipment w a s  determined, proceeding from t h e  r e s o l u t i o n  o f  
t h e  i n f r a r e d  equipment on loca t ion .  

We know I8J t h a t  

where Ay and 
equipment on locat i .on,  H is t h e  h e i g h t  of  t h e  s a t e l l i t e ' s  f l i g h t ,  y i s  t h e  
scanning angle  varying wi th in  the  l i m i t s  from 0 t o  +40", 6y and 6x are t h e  
angular  r e s o l u t i o n  of  t h e  equipment along a x i s  y and x ,  when H M 600 km, 6y = 
= 6x = 1.5" and y = O o ,  .we  ob ta in  from the  express ion  (12) ,  t h a t  Ax = Ay FZ 

.=15 km. 
along t h e  scanning l i n e  should be  no t  less than 

Ax are the length  and width o f  the element of  r e s o l u t i o n  of t h i s  

Consequently, t h e  number o f  readings o f  the  abso lu te  signal values  

L 
Ax ' It=--- 

where L i s  t h e  l eng th  of the  scanning l i n e  on l o c a t i o n .  

On t h e  b a s i s  o f  t h i s  we have 

The decrease o f  t h e  r e s o l u t i o n  wi th  r e s p e c t  t o  a r e a  on the  edges o f  t h e  
scanning l i n e s  w a s  taken i n t o  account by i n c r e a s i n g  the dimensions o f  t he  
squares  b u t  p re se rv ing  t h e  number o f  measurements i n  them. 

The number o f  grada t ions  f o r  ob ta in ing  the numerical  magnitude of  t he  
absolu te  s i g n a l  va lue  was s e l e c t e d ,  proceeding from the  cons idera t ions  o f  
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optimum r e l a t i o n s h i p s  between the  qubn t i za t ion  s t e p  wi th  r e spec t  t o  ampli- 
tude of  t h e  i n f r a r e d  equipment s i g n a l  and t h e  th ickness  o f  the  analog record  
o f  t h e  video s i g n a l  on the movie f i l m .  In  t h i s  case t h i s  r e l a t i o n s h i p  i s  se- 
l e c t e d  i n  such a way t h a t  

where Ah i s  t h e  quan t i za t ion  s t e p  o f  t he  absolu te  s i g n a l  va lue  w i t h  r e spec t  t o  
amplitude,  6 i s  t h e  th ickness  of the curve record (6 = 0.25 mm). When t h e  
width of the working p a r t  of t h e  f i l m  is 27  mm w e  ob ta in  N - < 108 g rada t ions .  

The quan t i za t ion  o f  t h e  analog records o f  the video s i g n a l s  by the  i n f r a -  
r ed  equipment w a s  performed by means o f  an e l e c t r o n i c  conver te r  from analogs 
t o  the  f i g u r e s  of  the s i l h o u e t t e  type.  

In  a c t u a l  p r a c t i c e  t h e  number o f  readings of t h e  analog record  o f  t he  
video s i g n a l  along t h e  scanning l i n e s  va r i ed  i n  t h e  60-68 range, whi le  t he  
number of video s i g n a l  quan t i za t ion  l e v e l s  w a s  equal  t o  100. 
s t e p  i n  t h i s  case corresponds t o  t h e  v a r i a t i o n  of  the  r a d i a t i o n  temperature  
of t h e  r a d i a t i n g  s u r f a c e  by about l 0 C .  

The quan t i za t ion  

The time and geographical  ty ing- in  o f  i n f r a r e d  p i c t u r e s  o f  clouds and 
underlying su r face  was performed on t h e  b a s i s  of  o r b i t a l  d a t a  and the  t i m e  
when the  equipment was switched on or o f f .  The t ime ty ing - in  of  absolu te  V a l -  
ues o f  t he  s i g n a l  t o  t h e  i n f r a r e d  p i c t u r e s  of t h e  clouds was performed accord- 
ing  t o  t h e  t i m e  masks p r e s e n t  i n  both  types of information.  

- / 2 5  

A s  t he  r a d i a t i n g  s u r f a c e  i n v e s t i g a t e d  by means of the  i n f r a r e d  p i c t u r e s  
of  clouds and underlying surface we s e l e c t e d  t h e  c loudless  s e c t o r s  o f  s eas  and 
oceans,  c loudless  s e c t o r s  o f  t he  con t inen t s ,  cyc lonic  c loudiness  above dry 
land and ocean, f r o n t a l  c loudiness  above dry land and oceans,  and intramass 
cloudiness  above dry land and ocean. 

The r e s u l t s  o f  t he  c a l c u l a t i o n s  o f  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of i n f r a -  
red equipment s i g n a l s  are given i n  Figures  1-5, and the  numerical  cha rac t e r -  
i s t i c s  o f  the  law of d i s t r i b u t i o n  o f  s i g n a l  amplitudes above the  r a d i a t i n g  
su r faces  i n v e s t i g a t e d  are given i n  T a b l e  1. 

In  Figure 1-4 w e  p r e s e n t  t h e  d i s t r i b u t i o n  curves of the  p r o b a b i l i t i e s  o f  
t he  i n f r a r e d  equipment s i g n a l  ( s o l i d  curves) and the curves o f  t h e  normal 
d i s t r i b u t i o n  o f  t he  s i g n a l  p r o b a b i l i t i e s  (dashed curves) , p l o t t e d  according t o  
the  mathematical expec ta t ion  and s t anda rd  dev ia t ion .  
absc i s sa  we measure off  t h e  va lues  of t h e  s i g n a l s  inconvent iona l  u n i t s ,  a long 
t h e  ax i s  of the  o rd ina te s  t h e  f requencies  corresponding t o  them. 

Along the  a x i s  o f  t he  

From Figures  1-4 w e  can see, t h a t  i n  ind iv idua l  occasions t h e  curves 
corresponding t o  the  real  l a w  of  d i s t r i b u t i o n  of  p r o b a b i l i t i e s  o f  t he  signals 
almost coincide wi th  t h e  curves corresponding t o  the  normal l a w  o f  d i s t r i b u -  
t i o n  of p r o b a b i l i t i e s .  These are mostly t h e  cases  o f  open s e c t o r s  o f  watery 
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s u r f a c e s  and con t inen t s ,  and a l s o  o f  t he  s o l i d  uniform cloud f i e l d .  But f o r  
cyc lonic  and f r o n t a l  c loudiness  t h e  real l a w  o f  d i s t r i b u t i o n  o f  p r o b a b i l i t y  
o f  the  s i g n a l  does n o t  agree with t h e  normal law. 

P 

0 
e-- 

5 
c- 

5 

Figure  1 .  
Surface.  I ,  P a c i f i c  Ocean: 64-82" S . ,  110-107" W ;  2 hrs .  40 m i n .  u = 42.39, 
0 = 5.96;  I I ,  O p e n  - Sector  over  t h e  Mediterranean Sea: 32-35" N, 29-27" E ,  
10 h r s .  00 m i n ,  u = 60.89,  o = 9 . 7 .  

The Laws of D i s t r ibu t ion  of t h e  Video Signals  From t h e  Waters'  - 

From Table 1 we can see t h a t  t h e  r a d i a t i n g  s u r f a c e s  i n v e s t i g a t e d ,  as it / 2 7  - 
should have been expected,  d i f f e r  from one another  p r i m a r i l y  by the  mathemati- 
cal expec ta t ion  and d i spe r s ion  o f  s i g n a l s  of t h e  i n f r a r e d  equipment. 
h ighe r  i s  the  r a d i a t i n g  . su r f ace  loca ted ,  i . e . ,  the lower i s  the  temperature of 
i t s  r a d i a t i o n ,  t he  smaller i s  the  mathematical expec ta t ion  o f  t h e  s i g n a l  above 
i t ,  and the more uniform cha rac t e r  i s  exh ib i t ed  by the  r a d i a t i n g  s u r f a c e ,  t h e  
sma l l e r  s i g n a l  d i spe r s ion  it, has .  

Th_e 

The dependence of  the  i n i t i a l  moment o f  t he  f irst  o r d e r  from the  tempera- 
t u r e  of  the  r a d i a t i n g  s u r f a c e ,  which i s  t o  be  i n v e s t i g a t e d  i n  t h e  f u t u r e ,  i n -  
d i c a t e s ,  apparent ly  the  change i n  the  l a w  of d i s t r i b u t i o n  of  i n f r a r e d  equipment - /29 
s i g n a l s  above the  var ious  r a d i a t i n g  su r faces  i n  r e l a t i o n  t o  t h e  l a t i t u d e  o f  
t he  observa t ion  s p o t ,  t h e  season,  and t h e  t i m e  o f  t he  day. 
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TABLE 1. NUMERICAL CHARACTERISTICS OF THE LAWS OF DISTRIBUTION OF INFRARED 
EQUIPMENT SIGNAL AMPLITUDES ABOVE THE . RADIATING - .  SURFACES INVESTIGATED. . .  

Type o f  Rad ia t i ng  Sur face  1 I M z  1 Ms I Ma 1 01 1 0 2  

~~ - 

5474,O 

94584,O 

1047386,O 

Paci f i c Ocean 
P a c i f i c  Ocean w i t h  i n s i g n i f i -  
c a n t  c loud iness  
Medi te r ranean Sea w i t h  i n s  ig- 
n i f i c a n t  c loud iness  

-1,2 

-1,7 

-10.,6 
Cont inen t ,  Nor th  A f r i c a  

Cont inent ,  South America w i t h  
i n s  i gn i  f i can t  c loud iness  
Cont inent  o f  the c e n t e r  o f  t h e  
European T e r r i t o r y  o f  USSR 
Western Coast o f  So. America w i t h  
i n s i g n i f i c a n t  c loud iness  

136312,O 
2496,O 

122 142,O 

181,2 

1665,O 

27401,O 

48605,O 

Nor theas tern  Caucausus 

Cyclone above the  Wes t S i  b e r  i an 
Low 1 ands 

Cyclone above the  A t l a n t i c  
Ocean 
F r o n t a l  c loud iness  above the  
Paci f i c Ocean 

F r o n t a l  c loud iness  above the  
European T e r r .  o f  the  USSR 
S o l i d  c loud iness  o f  s t r a t i f o r m  
type above the  P a c i f i c  Ocean 
S o l i d  cumul i fo rm and s t r a t i -  
fo rm c loud iness  above t h e  
Be l l inghausen Sea 
S o l i d  c loud iness  i n  t h e  r e a r  o f  
a cyc lone above the  A t l a n t i c  
Ocean 

T h i c k  cumul i form c loud iness  
above South America 
T h i c k  cumul i f o r m  c loud iness  
above Turkey 
Cumuliform c loud iness  w i t h  breaks 
above N o r t h  A f r i c a  
Cumuliform c loud iness  w i t h  
breaks above South America 
Cumuliform c e l l s  above 
A t  1 a n t i c  Ocean 

-13,3 
-1,O 

-3,7 

1,2 

0,30 

0,2  

-3.1 

42,4 

51,4 

49532,O 

2956,O 

60,9 

66,O 

0,6 

0,8 

61 ,O 
43,7 

123,6 

67857,O 

37571,O 

275446,O 

i 144373,O 

101480,O 

3 293 407,O 

52,8 

46,4 

0 , l  

1,3 

0,6 

-0,7 

26 

0,7 

34,7 

26,2 

33,l 

40,3 

23,3 

34,5 

45,7 

23,3 

20,9 

39,8 

51,2 

52,l 

62,4 

9,9 

10,8 

14,7 

28,8 

11,4 

23,l 

-253,3 

-1 150,O 

-9785,O 

2,g 

-1 338,O 
-106,5 

(-1 069,O 

15,4 

10,6 

315,4 

-651,8 

-252,3 

142,6 

1,7 

1224,O 

684,O 

-2208,O 

621 160,O 

-1 056,O 

427 074,O 

67,lI 0,3 c: 

I 

1,3 

13,4 

114.9 

0,2  

288,8 
1,8 

60,2 

2,8 

1-6 

-1 ,o  

35,O 

2,2 

-0.3 

4,2 

-0,2 

2.9 

771 , O  

3,o 

1 i294,O 

Tr .  Note: Commas i n d i c a t e  decimal p o i n t s .  
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Figure 2. 
Land. 
10 hrs. 08 min., u = 43.68, cr = 4.78; I I ,  Continent ( S o u t h  America); 39-36' S, 
68-66' W ,  6 hrs 05 mi.n., u = 61.01; CI = 4.65. 

Laws of Distribution of Video Signals from the Surface of the Dry 
I ,  Continent (Center of the European Territory of the Soviet Union), - 

- 

P 

Figure 3. Laws of Distribution of Video Signals from a Cyclone. 
Above the West Siberian Lowlands, u = 26.2, cr = 4.38, 1 1 ,  Cyclone Over the At- 
lantic Ocean; 48-54" N, 22-14' W ,  9 hrs. 15 min., u = 33.14, CI = 10.49. 

I ,  Cyclone - 
- 

32 



P 
424 

4 18 

0, ?2 

qot 

Figure 4 .  Laws of D i s t r ibu t ion  of t h e  Video Signals  from t h e  Frontal  Cloudi- 
ness .  I ,  Frontal Cloudiness Above - t h e  European T e r r i t o r y  of t h e  Sovie t  Union: 
10 h r s .  6 min.-10 h r s .  14 m i n .  , u = 23.29, c = 8.58; I I ,-Frontal Cloudiness 
Above t h e  P a c i f i c  Ocean: 43.5-54" S ,  162-176" E, 1 h r . ,  u = 40.31, 0 = 5.76. - 

e l .  

F i g u r e  5. 
Cumulus Cloudiness ,  and Ocean Surface .  

Laws of D i s t r ibu t ion  of Video Signals  from Cyclonic Cloudiness ,  

From Table 1 we can a l s o  s e e  t h a t  t h e  l a w  of  d i s t r i b u t i o n  of  the  i n f r a r e d  
equipment s i g n a l s  i s  c l o s e r  t o  normal i n  propor t ion  t o  the  uni formi ty  of  t h e  
cha rac t e r  of t h e  r a d i a t i n g  s u r f a c e .  
s u r f a c e  of t h e  con t inen t  o r  t h e  ocean r e s u l t s  i n  a sharp  inc rease  of t h e  

The presence of  c loudiness  above the  
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c e n t r a l  moments o f  t he  f o r t h  o rde r ,  e s p e c i a l l y  i n  t h e  case o f  cumuliform 
cloudiness  wi th  breaks .  The l a t t e r ,  t ak ing  i n t o  account what was s a i d  about 
t h e  i n i t i a l  moments of t he  f irst  and the second o r d e r ,  enables  us t o  h.ope f o r  
a p o s s i b i l i t y  of  automati'c recogni t ion  of c loudiness  according t o  the  measure- 
ment d a t a  by means o f  scanning i n f r a r e d  equipment on s a t e l l i t e s .  

I n  Figure 5 ,  we g ive  t h e  in te re lement  automatic  c o r r e l a t i o n  func t ions  
according t o  two mutually perpendicular  d i r e c t i o n s ,  ca l cu la t ed  according t o  
t h e  readings o f  t h e  video s i g n a l  from the  cyclones,  l oca t ed  above t h e  A t l a n t i c  
Ocean. 

The s o l i d  curve on t h i s  f i g u r e  r ep resen t s  t he  au tocor re l a t ion  func t ion  
along the  scanning l i n e  and the  do t t ed  curve r ep resen t s  t h a t  taken across  the  
scanning l i n e .  

A s  w e  can s e e  from the  f i g u r e  both €unctions have a f l u c t u a t i n g  character .  
The f l u c t u a t i o n s  of  t h e  au tocor re l a t ion  func t ions  along the  scanning l i n e  have 
a c e r t a i n  p e r i o d i c i t y  wi th  a h a l f  pe r iod ,  equal  t o  s i x  measurement elements.  
The c o r r e l a t i o n  range along the  scanning l i n e  amounts t o  about 4 elements,and 
across  t o  two elements.  The va lue  of  both a u t o c o r r e l a t i o n  func t ions  de- 
creases by two times p r a c t i c a l l y  on t h e  second element a l r eady .  

In  conclusion we no te  t h a t  i n  o rde r  t o  ob ta in  more r ep resen ta t ive  s ta t is-  
t i c a l  c h a r a c t e r i s t i c s  o f  t he  s i g n a l s  of the  i n f r a r e d  scanning equipment on 
weather s a t e l l i t e s  i t  i s  necessary t o  car ry  out  f u r t h e r  ca l cu la t ions  f o r  v a r i -  
ous underlying s u r f a c e s  and shapes and types of c louds above them during d i f -  
f e r e n t  seasons and i n  d i f f e r e n t  l a t i t u d e s .  
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AUTOMATIC PROCESSING OF I N F R A R E D  INFORMATION C O M I N G  FROM WEATHER SATELLITES 

V .  F. Goverdovskiy and B .  D .  Panin 

ABSTRACT: T h e  a r t i c l e  i s  devoted to automation of processing 
of s a t e l l i t e  information by means o f  e l e c t r o n i c  computers. 
They examined t h e  a lgori thm and t h e  results of  processing of 
IR-information from meteorological s a t e1  l i tes  Kosmos-122 and 
Kosmos-144 by means o f  t h e  V N I  I E M - 3  e l e c t r o n i c  comr,uterc- 
T h e y  show t h a t  i n  t h e  f i e l d  of  radlacion temperature the 
cloud systems a r e  t raced .  T h e  r a d i a t i o n  temperature agrees  
w i t h  t h e  temperature of t h e  ground level  l aye r  of a i r  i n  
c loudless  regions and r e f l e c t s  t h e  thermal regime of t h e  
upper  boundary of t h e  clouds.  T h e  c o n t r a s t s  i n  t h e  f i e l d  of 
t h e  r ad ia t ion  temperature r e f l e c t  t h e  boundaries and s p e c i f i c  
f ea tu re s  of t h e  underlying su r faces  of var ious t y p e s ,  and make 
i t  poss ib l e  t o  r e f i n e  the ana lys i s  of c l o u d  f i e l d s .  

The i n t e n s i v e  development of  methods o f  i n v e s t i g a t i o n  o f  weather  forming 
processes  on the  g loba l  scale by means of weather  sa te l l i t es  has posed a num- 
b e r  of  problems connected wi th  the  r ecep t ion ,  process ing ,  sys t ema t i za t ion ,  
i n t e r p r e t a t i o n ,  and u t i l i z a t i o n  o f  s a t e l l i t e  da t a .  

/30 

One o f  t hese  problems, which i s  important  today, i s  the  automation o f  t h e  
processing of  s a t e l l i t e  information by means o f  e l e c t r o n i c  computers. Modern 
weather s a t e l l i t e s  d e l i v e r  such a g r e a t  amount o f  in format ion ,  t h a t  the  pro-  
cessing o f  t h i s  information f o r  ope ra t ive  use  wi thout  t h e  employment o f  e lec-  
t r o n i c  computers i s  p r a c t i c a l l y  impossible .  

I n  the  p r e s e n t  a r t i c l e  we examined t h e  algori thm and t h e  r e s u l t s  o f  auto-  
matic process ing  o f  i n f r a r e d  information from weather s a t e l l i t e s  KOSMOS-122 
and KOSMOS-144 by means o f  t he  VNIIEM-3 e l e c t r o n i c  computer. 

The algori thm of  automatic  process ing  o f  IR-information is  subdivided i n -  
t o  two ind iv idua l  p a r t s ,  each of  which provides  for a number of  ope ra t ions ,  
performed i n  a c e r t a i n  sequence. 

The Firs t  P a r t  o f  the Algorithm i s  pre l iminary  and inc ludes  t h e  perform- 
ance o f  t he  fol lowing ope ra t ions .  

a. Rerecording o f  information t o  be processed i n  the computer's memory. 
During t h e  communication per iods  t h e  s c i e n t i f i c  and s e r v i c e  information i s  
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recorded on magnetic t ape  by means o f  s p e c i a l  devices .  Then t h i s  information 
is  rerecorded i n  the  computer's memory according I-? a s p e c i a l  program. This 
program provides  f o r  t he  s e l e c t i o n  o f  s p e c i f i c  types o f  information,  i ts  s o r t -  
i n g  and re record ing  i n t o  t h e  e l e c t r o n i c  computer's memory. The performance o f  
t h i s  program assures  the  s e l e c t i o n  and ordered record ing  from 80 scanning 
l i n e s  o f  t h e  fol lowing foams o f  information masses: s c i e n t i f i c  information ( IR) ,  
information on t h e  time a t  which the measuring was c a r r i e d  o u t  ( t ime marks), 
information on o r i e n t a t i o n  o f  t he  s a t e l l i t e s  i n  space,  information o f  t he  v o l t -  
age l e v e l s  at t h e  equipment c e n t e r s ,  used l a t e r  on f o r  c a l i b r a t i o n  and s tand-  
a r d i z a t i o n .  

The information from 80 scanning l i n e s  is  used l a t e r  on f o r  forming t h e  
frames. 

I n  add i t ion  the information on the time check and t h e  o r i b t a l  d a t a  are 
in t roduced  i n t o  t h e  memory o f  t h e  e l e c t r o n i c  computer. 

b .  Decoding of the time marks, controZ, and restoration o f  information. 
These opera t ions  assure  the  t y i n g  i n  o f  the  s e r v i c e  and s c i e n t i f i c  information 
i n  t i m e ,  and a l s o  the  r e j e c t i n g  o f  d i s t o r t e d  information.  

- /31 

The Second Part o f  the AZgorfthm provides :  c a l i b r a t i o n  and s t anda rd i -  
za t ion  o f  measurements , sepa ra t ions  o f  c o n t r a s t  i n  t he  f i e l d  s t u d i e d  ( r a d i a t i o n  
temperature) ,  formation o f  t he  nodes o f  t he  g r i d ,  averaging,  geographical  t y i n g  
i n ,  and p r e s e n t a t i o n  o f  t he  process ing  r e s u l t s .  

a .  CaZibration and Standardization. The c a l i b r a t i o n  o f  t h e  s i g n a l s  o f  
s e r v i c e  and s c i e n t i f i c  information is  performed by comparing them with con t ro l  
l e v e l s .  

S tandard iza t ion  o f  s c i e n t i f i c  information s i g n a l s  i n t o  degrees o f  
r a d i a t i o n  temperature  i s  c a r r i e d  ou t  by two methods. 

By the  f i rs t  method t h e  s t anda rd iza t ion  i s  c a r r i e d  out  by means of  
a s i g n a l  from a con t ro l  r a d i a t o r .  

The second method provides  f o r  the  use o f  d a t a  o f  ground c a l i b r a t i o n  
o f  t h e  equipment. 

b .  Bringing out the contrasts.  The consecutive ana lys i s  o f  each meas- 
urement enables us t o  b r i n g  ou t  t he  sha rp  changes of  t he  s i g n a l  on the  scanning 
l i n e s .  These changes i n  t h e  signal correspond t o  t h e  c o n t r a s t  i n  the  f i e l d  o f  
outgoing r a d i a t i o n ,  which i n  the major i ty  o f  t he  cases co inc ides  wi th  t h e  
boundaries o f  the  r a d i a t i n g  su r faces  o f  var ious  . types.  
r i thm provides  f o r  determinat ion on t h e  scanning l i n e s  o f  t he  p o s i t i o n  and 
va lue  o f  such sharp  s i g n a l  changes, and a l s o  the  c a l c u l a t i o n  o f  t h e  va lues  of 
t h e  c o n t r a s t  corresponding them i n  t h e  f i e l d  o f  r a d i a t i o n  temperature  between 
the  thermally nonuniform s u r f a c e s ,  f o r  example, on t h e  boundaries  o f  t he  cloud 
cover,  boundaries between t h e  water and dry land ,  and s o  f o r t h .  

The p rocess ing  algo- 
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I f  the  s i g n a l  i n c r e a s e s ,  then t h i s  change ( con t r a s t )  i s  assigned the  
p l u s  (+) s i g n ,  and i f  the  S igna l  decreases ,  then t h e  con t r a s t  i s  assigned t h e  
minus (-) s i g n .  The va lues  of  t h e  c o n t r a s t  are t i e d - i n  i n  t i m e .  The minimum 
values  of t h e  temperature  drops,  which are considered c o n t r a s t s ,  may be  chang- 
ed on t h e  d i s c r e t i o n  o f  t h e  ope ra to r .  

During process ing ,  t h e  f ind ing  o f  the  r eve r se  scanning l i n e s  and t h e  
coordinat ion of  information from the  forward and r eve r se  scanning l i n e s  i s  
provided f o r .  

c .  Formation of nodes and averaging of information. A f t e r  s epa ra t ion  
of t h e  con t r a s t  and coord ina t ion  o f  t h e  scanning l i n e s  t h e  nodes a r e  formed 
i n  t h e  scanning l i n e s  and t h e  information i s  averaged. For t h i s  purpose t h e  
scanning l i n e  i s  d iv ided  i n t o  20 i n t e r v a l s ,  each o f  which contains  an approxi- 
mately equal q u a n t i t y  of  measurements. I n  each o f  t hese  20 i n t e r v a l s  t h e  
measurements a r e  averaged, and the  mean values  of  t h e  s i g n a l s  are r e f e r r e d  t o  
t h e  middle of t h e  i n t e r v a l s ,  which a r e  considered the nodes of  t he  scanning 
l i n e s .  

The averaged values  i n  the  i n t e r v a l s  are assumed t o  be t h e  values of 
t h e  s i g n a l  i n  t h e  nodes of t he  scanning l i n e .  The ty ing - in  o f  t he  averaged 
values  i n  time i s  c a r r i e d  ou t  according t o  the  known t i m e  o f  t h e  beginning and 
end o f  the scanning l i n e s  by means of  i n t e r p o l a t i o n .  Thereupon, t h e  values  
of  t he  s i g n a l  i n  t h e  node o f  t he  l i n e s  are averaged wi th  r e s p e c t  t o  fou r  
neighboring scanning l i n e s  i n t o  a s i n g l e  averaged l i n e .  When the  scanning 
l i n e s  a r e  averaged t h e  values  of the  con t r a s t s  may be  a l s o  averaged o r  we may 
s e l e c t  t he  maximum c o n t r a s t  wi th  t h e i r  s i g n  from a l l  t he  f o u r  scanning l i n e s .  

d .  Geographical Tie- in .  The geographical  t y ing - in  i s  performed by 
means of  r e l a t i o n s h i p s ,  which assure  the  conversion from the  s a t e l l i t e  system 
of coordinates  i n t o  the  g e o c e n t r i c  system, and then t o  the geographical  co- 
o rd ina te s .  In  t h i s  process ing  we a r e  t o  in t roduce  t h e  co r rec t ions  t o  t h e  
values  of  the r a d i a t i o n  energy tak ing  i n t o  account t h e  scanning law :2nd t h e  

element) .  
/ 32 p o s i t i o n  o f  t he  s a t e l l i t e  i n  space (through the  d i s t o r t i o n  of  t he  expansion - 

However, experimental  p rocess ing  of  I R  information from the KOSMOS-122 
and KOSMOS 144 s a t e l l i t e s  showed t h a t  t hese  co r rec t ions  are i n s i g n i f i c a n t ,  
and the re fo re  t h i s  p a r t .  o f  t he  algori thms was no t  c a r r i e d  o u t .  

e .  Presentation of the  Resul ts .  The concluding p a r t  o f  the  algorithms 
o f  t he  automatic process ing  ,of  I R  information from meteorological  s a t e l l i t e s  
provides  f o r  a p r e s e n t a t i o n  o f  the  r e s u l t s  o f  process ing  i n  the  form which is  
convenient f o r  p r a c t i c a l  use .  

To p re sen t  t h e  r e s u l t s  o f  process ing  o f  weather s a t e l l i t e  IR-information 
process ing  the  alphabet  d i g i t a l  p r i n t i n g  mechanism was used (ADPM). 
formation obta ined  from 80 l i n e s ,  according t o  the  above, i s  recounted i n t o  
20 averaged l i n e s ,  which a r e  p r i n t e d  by means o f  t h e  ADPM i n  t h e  form of  a 
frame. 

The i n -  
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To p resen t  t he  measurement r e s u l t s  from each averaged scanning l i n e  
we use f o u r  p r i n t e d . l i n e s  on the  paper  tape o f  t h e  ADPM. 

In  t h e  f irst  l i n e  w e  des igna te  wi th  po in t s  t h e  p o s i t i o n s  of t he  no& 
of  the  scanning l i n e s  (every 5-6 p r i n t e d  symbols); he re  a l s o  by a colon w e  
i n d i c a t e  the  p o s i t i o n  o f  t he  h e a t  c o n t r a s t .  

In  t h e  second l i n e  under the  corresponding node w e  p r i n t  t h e  values  
o f  the r a d i a t i o n  temperature i n  the  degrees o f  t h e  abso lu te  s c a l e  and the  
cent igrade  s c a l e .  

In  t h e  t h i r d  l i n e  under the  mark of the  p o s i t i o n  o f  the  thermal con- 
trast (on t h e  f irst  p r i n t e d  l i n e )  we p r i n t  i t s  va lue  i n  degrees (with a two 
d i g i t  f i gu re )  wi th  i t s  own s i g n .  

In  t h e  fou r th  l i n e  wi th  l e t t e r s  m and p we des igna te  the  meridian 
and p a r a l l e l  of t h e  c e n t e r  of t h e  convent ionalframe.  

On each frame w e  p r i n t  the  Moscow time during which the information 
was obta ined ,  as wel l  as t h e  l a t i t u d e  and longi tude  of  the  cen te r  o f  the  
frame. The general  appearance of  t he  process ing  of  the  r e s u l t s  presented  i n  
the  above-mentioned way, i s  por t rayed  i n  Figure 1. 

When necessary the  process ing  r e s u l t s  may be  p r i n t e d  on l a rge  s c a l e  
blank maps of var ious  p r o j e c t i o n s .  For t h i s  purpose the  algori thm provides 
f o r  t he  t ransformation of  t h e  g r i d  of  nodes with an allowance f o r  the  pro-  
j e c t i o n  and s c a l e  o f  the  map, and a l s o  of  t he  p o s i t i o n  of  t he  observat ion 
region.  

The algori thm of  t h e  automatic  procession o f  IR-infor.mation has been 
developed by the  authors  o f  t he  p re sen t  a r t i c l e  t oge the r  with Ye. L .  Urman 
Ye. S .  Burkovskiy, and V .  A .  Ta ru l in  t o  be used i n  the  VNIIEM-3 e l e c t r o n i c  
computer. On t h e  b a s i s  of  t h i s  a lgori thm we developed a program by means of  
which we c a r r i e d  out t he  process ing  of  IR-information from the KOSMOS-122 and 
KOSMOS-144 s a t e l l i t e s  on t h e  VNIIEM-3 e l e c t r o n i c  computer. 

Some r e s u l t s  o f  t h i s  processing a r e  given below. 

The process ing  of a s i n g l e  frame (80 l i n e s )  o f  IR-information up t o  
p r i n t i n g  the  r e s u l t s  takes  about 2 minutes on the  VNIIEM-3 e l e c t r o n i c  computer. 
This enables us t o  draw the  conclusion t h a t  by means of an VNIIEM-3 e l e c t r o n i c  
computer t h e  process ing  o f  IR-information may b e  c a r r i e d  ou t  upon the  a r r i v a l  
of information between communication pe r iods .  

The r e s u l t s  of  process ing  o f  IR-information from KOSMOS-122 and 
KOSMOS-144 s a t e l l i t e s  makes i t  p o s s i b l e  t o  formulate  the  fol lowing b a s i c  con- 
c lus ions .  In  the  r a d i a t i o n  temperature f i e l d  the  cloud systems can be  t r a c e d  
q u i t e  w e l l .  The r a d i a t i o n  temperature agrees wi th  the temperature o f  t h e  
ground l a y e r  of  a i r  i n  c loudless  reg ions  and ref lects  t h e  thermal condi t ions  
of  t h e  upper boundary of  the  clouds.  As an i l l u s t r a t i o n ,  i n  Figures 1 and- 2 
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w e  p r e s e n t  the  r e s u l t s  of automatic  prbcess ing  o f  IR-information obta ined  on 
the 2nd o f  J u l y  1966 from t h e  ,KOSMOS-1%2 sa t e l l i t e .  The synop t i c  map of  t h e  

Figure 3 .  

/33 
region,  i n  which the  s a t e l l i t e  observa t ions  were c a r r i e d  out  is  given i n  

I_ 

Moscow t i m e :  15.27.45 
Lat i tude  + 064.1 
Longitude + 078.3 

The weather i n  the  observat ion reg ion  was determined by the  deep cyclone 
( the  p re s su re  i n  t h e  c e n t e r  was below 990 m i l l i b a r s )  t h e  c e n t e r  o f  which a t  
9 hours on t h e  morning o f  t h e  2nd o f  J u l y  w a s  a t  t he  p o i n t  with coordinates  o f  
67.5" no r th  and 67O east .  I n  t h e  cyclone zone a wel l -expressed f r o n t a l  system 
was observed wi th  t h i c k  cloudiness  which depos i ted  p r e c i p i t a t i o n .  The w a r m  
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s e c t o r  o f  the  cyclone wi th  the  ground air temperature above 2OoC w a s  charac t -  
e r i z e d  mainly by weather  wi th  few c louas.  
hours)  t h e  cyclone s h i f t e d  towards ' the no r theas t  o f  t h e  region examined b u t  
t h e  weather w a s  s t i l l  determined by i t s  in f luence .  This can be  seen on the  
diagram o f  d i s t r i b u t i o n  o f  c loudiness  , obta ined  according t o  the  photographic 
recording device (PRD) p i c t u r e s  (Figure 4) , where we can t r a c e  t h e  cloud sys- 
t e m s  o f  t h e  w a r m  and cold f r o n t s ,  and a l s o  t h e  s o l i d  c loudiness  i n  the  cen te r  
of  t h e  cyclone. 

By the  time o f  observa t ion  (15 

F i g u r e  2 .  
Observations From t h e  KOSMOS-122 Sate1 1 i t e .  

Radiation Temperature F i e l d  P lo t t ed  According t o  the R e s u l t s  of 

p35 The r e s u l t s  of process ing  presented  i n  Figure 1, p e r t a i n  t o  15 hours ,  
27 minutes,  45 seconds o f  Moscow time. - 

In  Figure 1 w e  p re sen t  t he  averaged values  of  t he  r a d i a t i o n  temperature 
i n  the  scanning l i n e  nodes,  t h e  values  of  t he  c o n t r a s t s  wi th  t h e i r  s i g n  and the  
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d i r e c t i o n s  o f  t he  meridian and p a r a l l e l ,  pass ing  through t h e  c e n t e r  of t h e  
frame. The cen te r  o f  t h e  frame has  the  coord ina tes  o f  64.1" North and 78.3O 
East .  The weather condi t ions  wi th in  t h e  l i m i t s  o f  t h i s  reg ion  according t o  
the  synop t i c  map f o r  15 hours  are por t rayed  i n  F igure  3 .  On t h e  synop t i c  map 
(Figure 3 )  , w e  can s e e  t h a t  t he  weather condi t ions  i n  t h e  nor thern  and south-  
e r n  p a r t s  o f  t he  region examined d i f f e r  sha rp ly .  I n  t h e  southern  p a r t  we ob- 
s e r v e  high values  o f  t h e  ground temperature ,  o f  about 25-3OoC, whereas i n  t h e  
nor thern  region the  ground temperature does n o t  exceed 10°C on t h e  average. 
In  the  nor th  o f  t h e  reg ion  s o l i d  th i ck  cloudiness  predominated, from which p re -  
c i p i t a t i o n  f e l l  i n  t he  form of  r a i n .  In  the  south  o f  t he  reg ion  we observed a 
l i t t l e - c l o u d y  weather o r  the  cloudiness  wi th  b reaks .  In  the south  of t h e  reg- 
ion  i n  the  zone with a cloudless  weather  t h e  values  of  t he  r a d i a t i o n  tempera- 
t u r e  amounts t o  20-25OC on t h e  average. 

d i f f e rence  between t h e  r a d i a t i o n  temperature and the  ground temperature reaches 
10-15°C. 
could judge on t h e  temperature and the  h e i g h t  o f  t h e  upper c loudiness  boundary 
i n  t h i s  reg ion .  However, t h e  a v a i l a b l e  radiosonde d a t a  showed t h a t  even here  
the  processing r e s u l t  i n  general  agreed wi th  the  temperature i n  t h e  upper 
boundary of the  clouds.  
t u r e  isotherms.  Upon comparing the  Figures  2 and 4 we can see t h a t  the  out -  
l i n e s  of t he  . isotherms r e f l e c t s  t h e  p r i n c i p a l  f e a t u r e s  i n  t h e  d i s t r i b u t i o n  o f  
c loudiness  i n  the  observa t ion  r eg ion .  

An e n t i r e l y  d i f f e r e n t  p i c t u r e  i s  
observed i n  t h e  s o l i d  c loudiness  zone i n  t h e  n o r t h  o f  t h e  reg ion .  Here, t he  - / 36 

We had a t  ou r  d i sposa l  few ae ro log ica l  d a t a ,  according t o  which we 

In  Figure 2 w e  p re sen t  t he  f i e l d  of  r a d i a t i o n  tempera- 
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Figure 3. Weather i n  t h e  Region  Covered by 
Observa'tions of t h e  Kosms-122 S a t e l l i t e  a t  
15 hours on 2 J u l y ,  1966. 

In  processing the  minimum 
value of t he  c o n t r a s t s  , which 
were p r i n t e d ,  was l imi t ed  t o  
5 " C ,  i . e .  , a l l  the  s i g n a l  changes 
wi th  r e spec t  t o  va lue ,  cor res -  
ponding t o  t h e  c o n t r a s t  i n  t h e  
temperature  f i e l d  l e s s  than 5°C 
were not  taken i n t o  account.  

From Figure 1, where we 
g ive  t h e  values  of  the c o n t r a s t s  
i n  the r a d i a t i o n  temperature 
f i e l d ,  we can s e e  t h a t  the  con- 
trasts vary wi th  r e spec t  t o  
va lue  and s i g n ,  e s p e c i a l l y  i n  
regions with cloudy weather.  
Such a d i v e r s i t y  of  con t r a s t s  
r e f l e c t s  the  nonuniformity of  
c loudiness .  

In  Figure 4 we p resen t  t he  
superimposi t ion o f  the PRD 
p i c t u r e s  with the  d i s t r i b u t i o n  

of c o n t r a s t  i n  the  r a d i a t i o n  temperature f i e l d .  We no te ,  t h a t  i n  Figure 4 w e  
mark t he  s o l i d  c loudiness  o u t l i n e s  
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Figure 4 .  Diagram o f  Cloudiness ,  Obtained According t o  t h e  P i c t u r e  o f  t h e  
Photog raphi c Recdrdi na Device. 

I t  i s  i n t e r e s t i n g  t o  analyze the  d i s t r i b u t i o n  of  c o n t r a s t s  i n  t h e  r ad ia -  
t i o n  temperature f i e l d  i n  r e l a t i o n  t o  the  type o f  the  r a d i a t i n g  s u r f a c e  (Figure 
4 ) .  For t h i s  ana lys i s  w e  have s e l e c t e d  c o n t r a s t s  a t  the  boundaries o f  t h e  
cloud f i e l d s  (designated wi th  c i r c l e s ) ,  i n s i d e  the  cloud f i e l d s  (designated by 
squa res ) ,  and i n  c loudless  reg ions  (designated wi th  t r i a n g l e s ) .  The cha rac t e r -  
i s t i c s  of t h e  d i s t r i b u t i o n s  obta ined  are given i n  Table 1. 

I n  the  process  o f  t he  ana lys i s  we examined sepa ra t e ly  the  p o s i t i v e  and 
negat ive  c o n t r a s t s ,  and a l s o  t h e  absolu te  values  o f  t he  c o n t r a s t s .  The ones 
wi th  t h e  smallest values  were the  c o n t r a s t s  i n  the  c loudless  regions (8.1OC). 
The d i spe r s ion  i n  these  reg ions  a l s o  proves the  s m a l l e s t  (Table 1) .  This  i s  
q u i t e  n a t u r a l ,  s i n c e  the  c o n t r a s t s  i n  c loudless  reg ions  a r e  caused by non- 
un i fo rmi t i e s  of  t he  underlying s u r f a c e ,  which, as a r u l e ,  are considerably 
smaller than the  nonuniformit ies  o f  c loudiness .  
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T A B L E  1 .  C H A R A C T E R I S T I C S  OF THE CONTRAST I N  THE R A D I A T I O N  TEMPERATURE F I E L D  
A C C O R D I N G  TO THE RESULTS O F  O B S E R V A T l O N S  FROM KOSMOS-122 AND 
KOSMOS-144 WEATHER SATELLITES. 

Value of 

Con  t ras t 

Cases 

Type of  Surface I I 
Disper- 
s i o n  
Deg rees2 

S i g n  of t h e  
Contrast  

i n  t h e  Radiation 
Tempe ra  t ure  F i e 1 d 
of  Which  the  Con- 
T r a s t  was Examined I I 

-. 

Boundar i es of t h e  C 1 oud 
F i e 1  d s  

I n s i d e  t h e  Cloud F i e l d s  

~~~ . .  

Pos i t i  v e  
Nega t i ve  
Absolute Value 
P o s i t i v e  
Negat i v e  
Abso 1 U t e  Va 1 u e  

Absolute Value 
_ - _  - .  I .. 

I n  Cloudless Regions 
- -  ~. 

Tr.  Note: Commas ind ica t e  decimal po in t s .  

No. of [Mean I 

The mean value of t he  c o n t r a s t  on t h e  boundaries  of  t he  cloud f i e l d s  and /37  
i n s i d e  t h e  cloud f i e l d s  wi th  r e spec t  t o  absolu te  va lues  amount t o  11 .2 '  and 
13.2',  r e s p e c t i v e l y .  

- 

In  t h i s  way t h e  c o n t r a s t s  i n  the  r a d i a t i o n  temperature  f i e l d  r e f l e c t  
the  boundaries and s p e c i f i c  f e a t u r e s  of  t he  r a d i a t i o n  s u r f a c e s  of  var ious types 
and make i t  p o s s i b l e  t o  r e f i n e  the  ana lys i s  o f  cloud f i e l d s .  

The r e s u l t s  o f  t h e  automatic  process ing  i n d i c a t e ,  t h a t  the  proposed 
method of  IR-information process ing  makes i t  p o s s i b l e  t o  analyze the cloud 
f i e l d s .  

We n o t e ,  t h a t  the  deductions according t o  the  r e s u l t s  of  automatic pro-  
cessing of IR-information from KOSMOS-122 and KOSMOS-144 s a t e l l i t e s  were ob- 
t a ined  on the  b a s i s  o f t h e  ana lys i s  of  50 frames f o r  var ious  regions of  t he  
Northern Hemisphere. 
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EXPERIMENT I N  COMPARING THE RESULTS OF MEASUREMENTS FROM THE GROUND, 
A I R C R A F T ,  AND S A T E L L I T E S  

Ye. P .  Barashkova and V .  L. Gayevskiy 

ABSTRACT. I n  t h e  a r t i c l e  t h e  authors  g i v e  c e r t a i n  resu l t s  
of comparison of shortwave and longwave r ad ia t ion  and 
temperatures of t h e  underlying su r face  measured s imul ta -  
neously o n  t h e  ground n e t w o r k  of ac t inometr ic  s t a t i o n s ,  
from an a i r p l a n e  and  from a s a t e l l i t e  above the European 
t e r r i t o r y  o f  t h e  Soviet  Union on 17 Yzy, 1967. 
T h e  r e l a t i o n s h i p  observed between t h e  r ad ia t ion  cha rac t e r -  
i s t i c s  a t  var ious  levels ,  agree w i t h  t h e  ev3lua t ions  ob- 
ta ined according t o  t h e  c a l c u l a t i o n  systems. 

The scanning instruments  i n s t a l l e d  on a weather s a t e l l i t e  enable  us t o  /38  
ob ta in  information on the  geographical  d i s t r i b u t i o n  of  r a d i a t i o n  leaving the  
e a r t h  i n  t h e  th ree  s e c t o r s  of  t he  spectrum 0 .3-3 ,  8-12 and 3-30 p .  

- 

The outgoing r a d i a t i o n  i s  determined wi th  the p r o p e r t i e s  o f  the  under- 
l y ing  su r face  and the  s t a t e  o f  t he  atmosphere, t h e r e f o r e  i n  o rde r  t o  so lve  the  
problem o f  i n t e r p r e t a t i o n  o f  s a t e l l i t e  measurements i t  i s  necessary t o  s e t  up 
a vas t  complex of i n v e s t i g a t i o n s  i n  t h e  f r e e  atmosphere (by means of a i r c r a f t ,  
rocke t s ,  bal loons and radiosondes) and under ground condi t ions .  Such j o i n t  
measurements underground, i n  t h e  free atmosphere from the a i r c r a f t  and from 
the  s a t e l l i t e ,  i n  p a r t i c u l a r ,  were performed during the pe r iod  of  the meteor 
system work i n  May 1967. In  t h e  p re sen t  a r t i c l e  we a r e  making an at tempt  t o  
cornpare them. The comparison o f  the  ground, a i r c ra f t ,  and s a t e l l i t e  measure- 
ments is the  e a s i e s t  f o r  a c loudless  atmosphere. I n  t h i s  case w e  can ca r ry  o u t  
t h e  q u a n t i t a t i v e  comparison o f  t he  ground and t h e  s a t e l l i t e  d a t a  and i n  t h i s  
way t o  check t h e  var ious t h e o r e t i c a l  systems proposed f o r  c a l c u l a t i n g  the  out -  
going r a d i a t i o n .  

When t h e  cloudiness  i s  s o l i d  and s u f f i c i e n t l y  t h i c k  t h e  outgoing r a d i a -  
t i o n  w i l l  b e  p r a c t i c a l l y  determined by the condi t ions  on the  upper boundary of 
t h e  clouds,  and t o  perform the  q u a n t i t a t i v e  comparison i t  is necessary t o  know 
the  parameters ,  cha rac t e r i z ing  the  r a d i a t i o n  p r o p e r t i e s  of the  clouds.  

45 



When t h e r e  i s  p a r t i a l  c loudiness  t h e  q u a n t i t a t i v e  comparisons are prac-  
t i c a l l y  excluded due t o  the  cons iderable  v a r i a g a t i o n ,  and only a q u a l i t a t i v e  
comparison .is p o s s i b l e .  
s e c t o r s ,  and t h e r e f o r e  q u a n t i t a t i v e  comparison i s  p o s s i b l e  only i n  ind iv idua l  
p o i n t s .  The most i n t e r e s t i n g  i n  t h i s  r e spec t  are the p o i n t s  under t h e  s a t e l -  
l i t e s ,  which are i n  the  n a d i r  o f  the  s a t e l l i t e .  

A s  a r u l e ,  c loudless  weather  i s  observed only on small 

When t h e  s a t e l l i t e  i s  a t  an a l t i t u d e  o f  600 km and t h e  angle  o f  v i s i o n  
of  the  scanning instruments  i s  3 X 6" the  dimensions o f  the  p o i n t  under the  
s a t e l l i t e  on t h e  s u r f a c e  o f  t h e  e a r t h  a r e  31.4 x 62.8  km. The ins t ruments ,  
i n s t a l l e d  on an a i r p l a n e ,  have t h e  working scanning angles  wi th in  t h e  l i m i t s  
o f  +60°. On the  ground s u r f a c e  t o  these  scanning angles  a t  t he  f l i g h t  h e i g h t  
of  H corresponds a band with a width of  L = 2H tan  60": 

H U M  . . . . . . . .  6 7 8 9 10 
L UM . . . . . . . . .  20.8 24.2 26.9 31.2 34.6 

During the  maximum a l t i t u d e  o f  t he  a i r p l a n e  f l i g h t  t he  width of the  
scanning band overlaps somewhat t he  width of t he  p o i n t  under the  s a t e l l i t e .  To 
l e v e l  o f f  t h e  length  o f  t h e  s e c t o r s ,  the  measurement from the  a i r p l a n e ,  f l y i n g  
with a speed v ,  should cont inue f o r  a t i m e  t = 63 km/v 
= 500 km/hr (8 .3  km/min) t = 8 min., whi le  v = 600 km/hr (10 km/hr) t = 6 min.. 

- /39 

minutes .  With v = 

The measurements from a i rp l anes  during the pe r iod  of passage o f  the  
. s a t e l l i t e  a r e  performed from t h e  maximum a l t i t u d e  o f  9-10 km. This a l t i t u d e  

i s  c lose  t o  t h e  a l t i t u d e  o f  t he  upper boundary o f  the  t roposphere,  and the re -  
f o r e  t h e  outgoing r a d i a t i o n  obta ined  from t h e  a i r p l a n e ,  d i f f e r s  l i t t l e  from t h e  
outgoing r a d i a t i o n  o f  the  ear th 's-atmosphere system measured from the  s a t e l l i t e .  
According t o  d a t a  o f  [ l ,  21 t he  l a y e r  o f  ozone loca ted  above the  a i r p l a n e  does 
not  in t roduce  any s u b s t a n t i a l  changes i n  the  value o f  t h e  outgoing r a d i a t i o n  
f luxes .  According t o  ca l cu la t ions  o f  K .  S .  S h i f f r i n  and N .  P .  Pyatovskoya [ l ] ,  
upon passage from t h e  a l t i t u d e  H = 10 km t o  t h e  a l t i t u d e  o f  t he  s a t e l l i t e  t h e  
ascending shortwave f l u x  changes from 1-9% depending on t h e  he igh t  of t h e  sun 
and the  type o f  t h e  underlying su r face .  
sage through t h e  l a y e r  o f  ozone, according t o  the  d a t a  o f  K .  Ya. Kondrat'yev3 
and Kh. Yu. Niy l i sk  [2]  , changes by 1-1.5%.1 

The longwave ascending f l u x  upon pas- 

S imi l a r  equipment4s  i n s t a l l e d  on t h e  s a t e l l i t e  and the  a i r p l a n e ,  and 
the re fo re ,  w e  can perform 
ground based measurements a r e  performed by equipment d i f f e r i n g  from the  sa te l -  
l i t e  equipment and the  measurement r e s u l t s  have d i f f e r e n t  c h a r a c t e r i s t i c s ,  
t h e r e f o r e ,  t he  comparison of  ground based and s a t e l l i t e  measurements may b e  
performed only by an i n d i r e c t  method. Among t h e  a i r p l a n e  observa t ions  w e  can 
compare d i r e c t l y  t h e  r e s u l t s  of  pyronometric measurements wi th  the  ground ob- 
s e r v a t i o n s .  

a d i r e c t  comparison o f  t h e  values  measured. The 
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Let us examine i n  d e t a i l  t h e  ana lys i s  of t he  r e s u l t s  o f  measurements 
on 17 May 1967. On t h i s  day from 1 2  hours 41 minutes t o  12 hours 47 minutes 
Moscow s t a t u t e  time, t h e  weather s a t e l l i t e  w a s  pass ing  over  the  European Ter- 
r i t o r y  of  the  Sovie t  Union (K-156, loop 296). The rou te  o f  t he  p o i n t  under 
t h e  s a t e l l i t e  i s  presented  i n  F igure  1 by a dashed l i n e ,  t he  s o l i d  l i n e s  de- 
l i n e a t e  the  boundaries of  t he  zone, f o r  which information was obtained on t h e  
outgoing r a d i a t i o n  s t o p .  
me t r i c  network w a s  i n  opera t ion .  The rou te  o f  t he  a i rp l ane  is  shown i n  Figure 
1 by a dashed l i n e .  The a i r p l a n e ,  from 9 hours 36 minutes t o  17 hours 1 2  min. 
flew along the  Moscow-Voronezh-Rostov on the  Don-Voronezh-Xazanl-Sverdlovsk 
rou te  a t  an a l t i t u d e  of  9,100 m .  
1 2  hours ,  44 minutes a t  the  p o i n t  wi th  coordinates  (p = 50'08' h = 3 9 ' 2 2 ' .  
height  of t h e  sun a t  t h i s  moment H 

and green f i e l d s ,  t he re  was a s l i g h t  haze,  above the  a i rp l ane  was a l i g h t  
c loudiness  (3/0 C i 9 ,  t he  a i r  temperature a t  t he  a l t i t u d e  o f  the  f l i g h t  ta = 

= -38.2'C. 

In  the  pe r iod  ind ica t ed  the  ground based ac t ino -  

The meeting with the  s a t e l l i t e  occurred a t  

Under the  a i rp l ane  were plowed 
The 

= 58.6'. 
0 

60 . .  J - .- 5 0  
_.__ 

30 4 0  

F igu re  1 .  
(2)  , Boundary o f  t h e  I n fo rma t ion  Zone f rom Loop No.  296 o f  KOSMOS-156 (1 ) .  

Route of  t h e  P o i n t  Under the S a t e l l i t e  ( 3 ) ,  Route o f  the A i r c r a f t  

The a i r p l a n e ,  i n  add i t ion  t o  ac t inomet r i c  equipment (AC), similar t o  t h a t  
i n s t a l l e d  on t h e  s a t e l l i t e ,  c a r r i e d  pyronometers, which make i t  p o s s i b l e  t o  
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measure t h e  ascending and descending flows o f  shortwave r a d i a t i o n .  These f lows 
may be  compared with t h e  ground-da ta .  

The comparison o f  t h e  t o t a l  o f  r a d i a t i o n  n e a r  the  underlying su r face  and 
t h e  a l t i t u d e  of  9 km shows t h a t  wi th  a c loudless  sky t h e  t o t a l  r a d i a t i o n  a t  
t h e  a l t i t u d e  o f  9 km i s  g r e a t e r  than a t  the  e a r t h ' s  s u r f a c e  by 10-20%. 

40 0.95 1,14 
50 
60 I :::: 1 ;;:; 

With a cloudy sky w e  observe a d i f f e r e n t  r e l a t i o n s h i p  between Q 

depending on the s t a t e  of the  s o l a r  disk and the  cha rac t e r  of  t h e  cloudiness .  
In  ind iv idua l  cases i n  t h e  ground l a y e r  we may observe h ighe r  values  of  t o t a l  
r a d i  a t j  on.  

and Qo - /40 H 

The albedo o f  t h e  underlying s u r f a c e  according t o  t h e  d a t a  of  actinomet- 
r i c  network f o r  t he  moment examined a t  t h e  European t e r r i t o r y  o f  the USSR v a r i e s  
between 13  and 28%. According t o  the  d a t a  o f  a i r c r a f t  measurements o f  t he  
albedo of  f o r e s t s  and f i e l d s  along the  Rostov on the  Don-Benza rou te  i s  o f  t he  
o rde r  o f  13-16%. The appearance of clouds i n  t h e  f i e l d  o f  v i s i o n  o f  t he  pyro- 
nometer, i n s t a l l e d  on t h e  a i r p l a n e  with i t s  r ece iv ing  s u r f a c e  po in t ing  down- 
wards, r e s u l t s  i n  an inc rease  of t h e  albedo. A t  t he  beginning o f  t he  f l i g h t  i n  
the  region o f  Moscow which occurred above a l t o  cumulus clouds,  the  albedo 
amounted t o  58%. 

The geographical  d i s t r i b u t i o n  of  the  r e f l e c t i v e  r a d i a t i o n  near  the  
e a r t h ' s  su r f ace  R = AQ w i l l  b e  determined mainly by the  incoming t o t a l  r ad ia -  

t i o n ,  s i n c e  albedo A on t h e  t e r r i t o r y  examined v a r i e s  w i th in  r e l a t i v e l y  small  
l i m i t s .  The inf low o f  the  t o t a l  r a d i a t i o n  i n  i t s  t u r n  depends on the  geo- 
graphica l  coordinates  and d i s t r i b u t i o n  of  c loudiness ,  and i n  t h i s  case t h e  
e f f e c t  o f  c loudiness  w i l l  be  the  dec i s ive  f a c t o r .  The he igh t  of  the  sun (con- 
nected with the  l a t i t u d e  and longi tude)  on the  t e r r i t o r y  examined f o r  t h e  p re -  
s c r i b e d  moment changes from 40 t o  64". On a c loudless  sky owing t o  such a 
change i n  the  he igh t  of  t h e  sun the  t o t a l  r a d i a t i o n  may inc rease  from 0.95 t o  
1 .32 cal/cm2 p e s  minute.  
t o t a l  r a d i a t i o n  v a r i e s  from 0.02 ca l  p e r  cm2min 
cal/cm2 min (Novo-Pyatigorsk (3 , 10/1 C i ,  A s ,  Cu) . Consequently, according t o  - /41 
the  d a t a  o f  the  gsound network, a minimum o f  the r e f l e c t e d  r a d i a t i o n  w i l l  be  
noted i n  regions wi th  s o l i d  c loudiness  of  t h e  lower l e v e l ,  the  maximum i n  
c loudless  and a l i t t l e  cloudy reg ions .  

k 

According t o  t h e  d a t a  o f  the  ac t inomet r i c  network t h e  
(Ladoga, P ,  10/10 Sc) t o  1 .66 

The geographical  d i s t r i b u t i o n  of t he  outgoing shostwave r a d i a t i o n ,  ob- 
se rved  from the  s a t e l l i t e ,  w i l l  have the  oppos i te  cha rac t e r :  
the  g r e a t e s t  c loudiness  w i l l  correspond t o  the  g r e a t e s t  va lues  of  R through 

the  inc rease  o f  the  albedo.  I f  w e  take i n t o  account,  t h a t  according t o  the  

t h e  regions with 

k 
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a i r c r a f t  measurement d a t a  upon passage from t h e  c loudless  regions t o  cloudy 
ones,  t h e  albedo changes from 13  t o  SS%, w e  should expect  t h a t  wi th  an unvar- 
i a b l e  Q t h e  inc rease  o f  Rk i s  about fou r fo ld .  

I 0 IO 
- .  - _ _  

2 0  30 
~ 

4 0  50 

eo I 4 0  50 

Figure 2 .  D i s t r ibu t ion  of Cloudiness 
Above t h e  European T e r r i t o r y  of t h e  
U S S R  on 17  May 1967 a t  12 hrs  44 m i n  
According t o  the Moscow S t a t u t e  T i m e  
According t o  t h e  Ground Based Network 
Data: l’ ,  c loud le s s ;  2 ,  few c louds ;  
3 ,  Ci;  4 ,  cons iderable  c loudiness  o f  
t h e  lower l e v e l ;  5 ,  s o l i d  c loudiness  
o f  t h e  lower l e v e l .  

I n  Figure 2 w e  give t h e  d i s -  
t r i b u t i o n  of  c loudiness  over  t he  
European t e r r i t o r y  o f  t h e  USSR ac- 
cording t o  the  ground network da ta .  
Figures  3a and 3, on which w e  g ive  
t h e  geographical  d i s t r i b u t i o n  o f  
t he  shortwave r a d i a t i o n  according 
t o  the  ground based and s a t e l l i t e  
da t a ,  support  t h e  above-mentioned 
assumption on the  cha rac t e r  of d i s -  
t r i b  u t  i on o f  s h or t w  ave r adi  at  i on 
and i t s  r e l a t i o n s h i p  wi th  t h e  
cloudiness .  According t o  t h e  d a t a  
of t he  ground based network t h e  
minimum of  r e f l e c t e d  r a d i a t i o n  was 
observed i n  the  wcs t and northwest 
regions o f  t he  European t e r r i t o r y  
of  the USSR, where we observed 
s o l i d  c loudiness  of  t h e  lower leve l ,  
t h e  maximum i n  the  southeas te rn  
European t e r r i t o r y  o f  the  USSR, i . e  
i n  the  cloudless  and a 1 i t . t l e  
cloudy reg ions .  According t o  the  
s a t e l l i t e  da ta ,  a t  t he  south-east  o f  
t he  European t e r r i t o r y  of  t he  USSR 
we no te  the  lowest b r igh tnesses  o f  
t he  shortwave r a d i a t i o n .  The above 
mentioned cha rac t e r  o f  d i s t r i b u t i o n  
o f  ground and s a t e l l i t e  d a t a  a r e  
somewhat con t r ad ic t ed  by the  r e -  
s u l t s  o f  comparison o f  shortwave 
r a d i a t i o n  f o r  the southwestern 
regions of t h e  European t e r r i t o r y  

of the  USSR. 

caused by the  f a c t  that h e r e  w e  observe cumuliform cloudiness  with considerable  
breaks dur ing  which s u f f i c i e n t l y  g r e a t  values  of  t o t a l  r a d i a t i o n  nea r  t he  
cen te r  l i i i e  su r f ace ,  and consequently the  r e f l e c t e d  r a d i a t i o n ,  a r e  combined 
wi th  l a r g e  values  of  t he  albedo during observa t ion  from space.  

Both nea r  t he  underlying su r face  and i n  measurements from the  
s a t e l l i t e  i n  t h i s  region w e  observe a high r e f l e c t e d  r a d i a t i o n .  This  i s  - / 43  

In the  p o i n t  of  i n t e r s e c t i o n  between t h e  rou te  o f  t he  a i r p l a n e  and the  
s a t e l l i t e  we noted a r e l a t i v e l y  low cloudy weather (3-7 p o i n t s  C i ) .  The r e -  
s u l t  o f  t he  measurements from t h e  a i r p l a n e  i n  the  s e c t o r  o f  the spectrum be- 
tween 0 . 3  and 3 P by the  scanning instrument  i n  the cal/cm2 m i n - s t e r  
below: 

a r e  given 
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F igu re  3a. D i s t r i b u t i o n  o f  t he  Re f lec ted  
Shortwave Rad ia t i on  According t o  the Ground 
Data f o r  17 May 1967 a t  12 Hrs. ,  44 Min., 
According t o  the Moscow S t a t u t e  Time. 

F igure 3b. 'Geographical  D i s t r i b u t i o n  o f  the 
Re f lec ted  Shortwave Rad ia t i on  According t o  
Measurements From the K O S M O S - 1 5 6  S a t e l l i t e ,  
Loop Number 296, 17 May 1967. 



Since I depending on the  angle changes i n  r e l a t i v e l y  narrow bounds, i n  k 
the  f irst  approximation t h e  r e f l e c t e d  flow may be adopted - as i s o t r o p i c  with a 
mean value o f  

According t o  the  pyronometer d a t a  the  ascending cu r ren t  o f  shortwave r a d i a t i o n  
a t  t he  he ight  o f  the  a i r p l a n e  (H = 9,100 m) i s  equal t o  0.19 cal/cm2min. 
t h i s  way t h e  value of  t he  ascending cu r ren t ,  ob ta ined  i n  measuring with the  
scanning ins t rument ,  i s  i n  good agseement wi th  the  pyronometric da t a .  Accord- 
i ng  t o  t h e  ground da ta ,  i n  t h i s  region the R i s  equal  t o  0 .22 -0 .27  cal/cm2min. 

The ground network d a t a  p e r t a i n s  t o  the  s tandard  area covered with green g r a s s ,  
while  i n  t h e  f i e l d  d i v i s i o n  of  the airplane instruments  a r e  a l s o  t h e  plowed 
f i e l d s  with a lower albedo. 
v i s ion  should r e s u l t  i n  t he  decrease o f  t he  shortwave r e f l e c t e d  r a d i a t i o n  which 
i s  noted i n  the compasison o f  t h e  a i r p l a n e  and ground observa t ions .  
t o  the d a t a  o f  ground measurements i n  Voronezh and Kamennaya S tep '  t he  albedo 
f o r  green g ras s  amounts t o  17% and t h a t  o f  dry s o i l  t o  5%. I f  w e  cons ider  t h a t  
the  green f i e l d s  and the  plowed f i e l d s  i n  the  f i e l d  d i v i s i o n  o f  t he  instrument  
occupy equiva len t  aseas  , t he  ascending shortwave f l u x  should correspond t o  the  
mean va lue  of t he  albedo of  11% and amount t o  0.14-0.17 cal/cm2min. A s  i t  
fol lows from the  t h e o r e t i c a l  ca l cu la t ions  o f  K .  S .  S h i f r i n  and N .  P .  Pyatov- 
skaya [ l ] ,  t h e  ascending cu r ren t  o f  t h e  shortwave r a d i a t i o n  above t h e  grassy 
covered growth wi th  he ight  and with h = 50" upon the  change from 0 t o  10 km 

inc reases  by about 25%. Taking t h i s  co r rec t ion  i n t o  account we ob ta in  the_ 
values o f  R 

t he  i n d i c a t i o n s  of  the  a i r p l a n e  pyronometer. 

= 0.063 cal/cm2 m i n - s t e r . ,  when Rk = n l k  = 0.20 cal/cm2min. 

In  

k 

k 

The ' inclusion o f  the plowed f i e l d  i n  the  f i e l d  o f  

According 

0 

a t  the  a i r p l a n e  l e v e l  (0.18-0.21 cal/cm2min), which a r e  c lose  t o  k 

According t o  the  measurements from the  s a t e l l i t e  t h e  b r igh tness  i n  t h e  
n a d i r  i s  0.11-0.18 cal /cm2min*ster .  
and s a t e l l i t e  values  i s  explained by the  inf luence  of  t h e  cloudiness  o f  t h e  
upper l e v e l  (C i ) ,  l oca t ed  above t h e  a i r p l a n e .  Today we do not  possess  r e l i a b l e  
information on the albedo o f  clouds o f  t he  upper l e v e l .  According t o  the da t a  
of  f l i g h t  on 2 1  May 1967, t he  albedo o f  C i  changes from 18  t o  48%. Such a 
value o f  t he  albedo wi th  Q = 1.45 cal/cm2min, corresponding t o  the he ight  of  
t he  sun of  58' , w i l l  a ssure  the  values  o f  t he  r e f l e c t e d  r a d i a t i o n  o f  0.26 
-0 .70  cal/cm2min. 

Such a discrepancy between the  a i rp l ane  

Resul t s  o f  t he  measurements i n  the s p e c t r a l  s e c t o r  o f  8-12 1-1, performed 
from the  s a t e l l i t e ,  y i e l d  a concept o f  t he  geographical d i s t r i b u t i o n  o f  t he  
r a d i a t i o n  temperatures .  The r a d i a t i o n  temperature,  owing t o  the  e f f e c t  o f  t he  
l a y e r  o f  t h e  atmosphere and the  d i f f e r e n c e  between the  r a d i a t i n g  capac i ty  o f  
t he  underlying su r face  and a u n i t y  w i l l  be  below the t r u e  temperature of  the 
s u r f a c e .  

On t h e  b a s i s  o f  t he  a n a l y s i s  of  experimental  d a t a  V .  L .  Gayevskiy and - /44 
Yu. I .  Rabinovich [4] a r r i v e d  a t  the  conclusion that the r a d i a t i o n  temperature  
wi th  a cons iderable  content  o f  water vapor i n  t h e  atmosphere (5 grams p e r  cm2) 
may d i f f e r  from the  t r u e  one by 10-15O. The ca l cu la t ions  o f  K .  Ya. Kondrat' 
yev, Y e .  P .  Novosel ' t sev and N .  Y e .  Ter-Markaryants [ 5 ]  i n d i c a t e  t h e  
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sys t ema t i c  discrepancy between t h e  a c t u a l  and r a d i a t i o n  temperature  of  t h e  
underlying s u r f a c e .  
i n  t h e  summer t h e  co r rec t ions  reach 12-17' , and a t  n i g h t  9-10°C. The d i f f e r -  
ence between the  a c t u a l  and r a d i a t i o n  temperature o f  t h e  clouds i n  t h e  lower 
l e v e l  amounts on t h e  average t o  7-8" and does no t  depend on the  season.  

On t h e  t e r r i t o r y  o f  t h e  Sov ie t  Union during day l igh t  hours 

Figure 4a. Geographical D i s t r ibu t ion  o f  
Soi 1 Temperature According t o  Ground Data 
a t  12 Hrs. 44 m i n .  Moscow S t a t u t e  T i m e  
17 May 1967. 

The geographical  d i s t r i -  
bu t ion  o f  the  r a d i a t i o n  tempera- 
t u r e ,  observed from the  s a t e l -  
l i t e ,  i s  determined by two 
p r i n c i p a l  f a c t o r s  : t h e  a c t u a l  
d i s t r i b u t i o n  o f  temperature on 
t h e  ground su r face  and t h e  d i s -  
t r i b u t i o n  of  c loudiness .  The 
d i s t r i b u t i o n  of cloudiness  ac- 
cording t o  ground observat ions 
i s  given i n  Figure 2 ,  and the  
d i s t r i b u t i o n  o f  the temperature 
o f  t he  underlying s u r f a c e  i n  
Figure 4a.  To a c e r t a i n  e x t e n t  
t h e  d i s t r i b u t i o n  o f  temperature 
r e f l e c t s  the  d i s t r i b u t i o n  of  
c loudiness .  However, we should 
no te  t h a t  t h e  zone o f  maximum 
temperatures i s  s h i f t e d  somewhat 
t o  the  e a s t  from the  c loudless  
and l i t t l e  cloudy reg ions .  

A t  the  hydrometeorological 
s t a t i o n  the  temperature o f  t h e  
denuded s o i l  i s  measured. Ac- 
cording t o  2 .  A .  Mishchenko's 
d a t a  [ 6 ,  71 during the  dayl ight  
hours i n  c lear  weather the  temp- 
e r a t u r e  o f  f r e s h l y  plowed s o i l  
i s  h ighe r  than the  temperature 
o f  the  grassy cover by 6-10'; 

according t o  observa t ions  a t  the  Voyeykovo s t a t i o n  [a]: on some clear  days the  
d i f f e rence  between the  temperature o f  the s u r f a c e  of  b a r e  s o i l  and the  grass  
may reach 11-14°C. On t h e  o t h e r  hand, the  readings o f  the mercury thermometer 
during p o s i t i v e  v e r t i c a l  g rad ien t s  o f  the temperature will be too  low. 
co r rec t ion  which i s  a func t ion  o f  t he  d i f f e rences  between the  s o i l  and a i r  temp- 
e r a t u r e s  may reach 7-8" [ 9 ,  l o ] .  I n  t h i s  way the  va lue  of  t he  temperature ob- 
t a ined  on bared s e c t o r s  o f  the  s o i l  , without  i n t roduc t ion  o f  co r rec t ions  would 
approach the  t r u e  temperature  of  the  vege ta t ion  cover.  

The 
- /45- 

In  comparing the  a i r p l a n e  d a t a  with the  s a t e l l i t e  d a t a  i n  the p o i n t  under 
the  s a t e l l i t e  we should a l s o  b e a r  i n  mind t h a t  t h e  scanning continued f o r  a 
s m a l l e r  pe r iod  of t ime, and t h a t  i t  i s  r equ i r ed  f o r  desc r ib ing  t h e  e n t i r e  p o i n t  
under the  s a t e l l i t e .  
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According t o  the  s a t e l l i t e  d a t a  the  maximum values  of t h e  r a d i a t i o n  temp- 
e r a t u r e  are noted over  t h e  e a s t e r n  p a r t  o f  t h e  Black Sea and the  regions o f  
dry land ad jacent  t o  it from t h e  Nor theas t .  This c o n t r a d i c t s  t h e  f a c t  t h a t  t h e  
temperature o f  the dry land during t h e  Summer-Winter pe r iod  is  h ighe r  than t h e  
temperature o f  t he  sea.  Poss ib ly ,  t o  a c e r t a i n  e x t e n t ,  t h i s  con t r ad ic t ion  is  
caused by the  d i f f e rence  i n  t h e  r a d i a t i n g  capac i ty .  
l oca t ed  i n  the  regions o f  t he  lower Volga, coincides  wi th  t h e  p o s i t i o n  of t h e  
maximum of  t h e  s o i l  temperature.  The region of  the  maximum values  of  t he  r a d i -  
a t i o n  temperature i s  loca ted  i n  the  North-Western zone of C i .  I n  t he  d i s t r i -  
3ution o f  t h e  i s o p l e t h s  o f  t h e  r a d i a t i o n  temperature t h e  d i s t r i b u t i o n  o f  cloudi- 
aess  i s  r e f l e c t e d  t o  a c e r t a i n  e x t e n t  (Figures  2 and 4b) .  The r a d i a t i o n  
temperature c o n t r a s t s  reach 30-40°, which agrees wi th  t h e  eva lua t ion  by L .  V .  
vlurav'yeva and N .  Ye. Ter-Markaryants [ll],  according t o  t h e  d a t a  o f  which t h e  
con t r a s t  o f  r a d i a t i o n  temperatures of  the  underlying su r face  and t h e  clouds of  

The secondary maximum, 

ihe lower l e v e l  i n  the  8 - i 2  1 ~ .  s e c t o r  o f  the  
;ummer reach 30-45O. 

.~ 
n IO 20 30 4 0  50 EO 7 0  i 

- -  
spectrum, during day l igh t  hours i n  

In  the  zone o f  t he  lower 
l e v e l  c loudiness  according t o  
the  s a t e l l i t e  d a t a  the  radiat ion 
temperature changes from 0 - 
-15", which a l s o  coincides  with 
the  eva lua t ions  i n  work [ S I .  
During t h e  Summer months on t h e  
t e r r i t o r y  o f  t he  USSR the  r ad ia -  
t i o n  temperature o f -  t he  lower 
cloudiness  according t o  the  
d a t a  o f  work [ S I ,  v a r i e s  from 
-14 t o  + 6 O C .  

The comparison o f  r ad ia -  
t i o n  temperatures obta ined  from 
the  a i r p l a n e  and t h e  s a t e l l i t e  
f o r  t he  p o i n t  under the  s a t e l -  
l i t e  i s  given below. According 
t o  the  a i rp l ane  d a t a ,  i n  t h i s  
region w e  observe the  fol lowing 
r a d i a t i o n  temperature a t  d i f -  
f e r e n t  angles o f  scanning:  

igure  4 b .  Geographical D i s t r ibu t ion  of  
;ad i a t ion Temperature According t o  Measure- 
llents from t h e  KOSMOS-156 S a t e l l i t e  Loop 
dumber 296, 17 May 1967. 

a .  . . -60 -50 -40 -30 -20 -10 
T p  . . 0 2  3.8 11.0 24-0 32.6 32,6 - 

0 10 20 30 40 50 60 
33-8 33.8 36.2 36.2 32.6 32,6 32.6 
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Owing t o  sys t ema t i c  e r r o r s  i n  t h e  measurements o f  T . w i t h  nega t ive  angles  upon 

f u r t h e r  ana lys i s  w e  use  the  values  o f  T 
P 

only wi th  p o s i t i v e  scanning angles .  
P 

The r a d i a t i o n  temperature  i n  t h e  region o f  p o s i t i v e  scanning angles i s  
10 t o  15' lower than t h e  s o i l  temperature ,  ob ta ined  from ground measurements. 
I f  w e  t a k e  i n t o  account t h a t  t h e  co r rec t ion  f o r  the  e f f e c t  o f  the  temperature 
l a y e r  remains 10-15' [4 ,  51, then upon t h e  i n t r o d u c t i o n  o f  t h i s  co r rec t ion  we 
ob ta in  t h e  values  o f  t he  underlying s u r f a c e  temperature  which is c lose  t o  the  
observed s o i l  temperature .  

The r a d i a t i o n  temperature  obta ined  from t h e  s a t e l l i t e  i n  the  n a d i r  i n  
t h i s  region v a r i e s  from -11 t o  +3OC. According t o  t h e  ca l cu la t ions  o f  work [5] 
such a temperature i n  t h e  examined pe r iod  corresponds t o  the r a d i a t i o n  tempera- 
t u r e  of  the lower c loudiness ,  although according t o  the  s a t e l l i t e  d a t a  i n  t h i s  
region it i s  c l e a r ,  a c c o r d i n g . t o  t h e  observa t ions  from the  a i rp l ane  we no te  a 
c loudiness  o f  the  upper l e v e l ,  according t o  the  ground d a t a  w e  n o t i c e  3-7 points 
C i .  
of  E = 0 . 3  and i n  the  p re sc r ibed  s o i l  temperature t 

of  t he  upper l e v e l  clouds T under t h e  mean condi t ions  has the  fol lowing 
values : P c i  

With the  r a d i a t i n g  capac i ty  o f  the clouds of  the  upper l e v e l  o f  t h e  o r d e r  
the  r a d i a t i o n  temperature s s  

. . . . . .  . 3 1  2 8  43 
tSS 

. . . . . . .  -38 - 10 -29 T 
PC i 

Since t h e  va lue  o f  E i n  r e l a t i o n  t o  the  th ickness  o f  the cloud may vary 

of t h e  cloud l e v e l  w i l l  be  wider  than those obta ined  
wi th in  a wide range,  we should expect  t h a t  t h e  l i m i t s  o f  t he  measurements o f  
r a d i a t i o n  temperature T 

P 
i . e . ,  t he  T observed from t h e  s a t e l l i t e  i n  ind iv idua l  cases  may correspond t o  

P 
the  cloudiness  o f  the  upper l e v e l .  

As fol lows from comparison of minimal b r igh tness  va lues  from instruments  
i n  the8-12 1-1 and 3-30 ranges; t h e r e  i s  a cer ta in .  connection. 

. .  10 20 30 T p .  -30 -20 -10 0 
. . 0.08 0.09 0.11 0.12 0.13 0.15 0.16 
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Therefore  the  geographical  d i s t r i b u t i o n  o f  i n t e n s i t y  i n  t h e  3-30 p chan- 
n e l  i s  analogous t o  the  d i s t r i b u t i o n  o f  t he  r a d i a t i o n  temperature .  On the  
t e r r i t o r y  o f  the  European p a r t  o f  the  USSR 

/ c m 2  m i n - s t e r .  The maximum values  correspond t o  t h e  regions with few clouds 
with a high temperature o f  t h e  underlying su r face ,  t h e  minimum a r e  observed i n  
the  North-Western zone of C i .  The r e l a t i v e l y  small ranges of the  v a r i a t i o n s  

are expla ined  by t h e  fac t  t h a t  t h e  "high temperature" r a d i a t i o n  of t h e  
Of  '3-30 
underlying su r face  experiences a g r e a t e r  weakening i n  the  atmosphere than t h e  
r a d i a t i o n  which is  caused by c loudiness .  

13-30 v a r i e s  from 0 . 0 8  t o  0.17 cal/ 

Below we g ive  the  eva lua t ions  o f  the  ascending longwave r a d i a t i o n  E +  i n  
cal/cm2min a t  t h e  he igh t  o f  t h e  a i r p l a n e  with var ious he igh t s  o f  the  upper 
boundary o f  the  cloud l a y e r  Hcl and i n  c loudless  sky (Hcl = 0 ) .  

ua t ion  w e  have used the  formula from works [ 1 2 ,  131 

For t h e  eva l -  - /47 

where E i s  t h e  r a d i a t i n g  capac i ty ,  T i s  the  temperature o f  t he  underlying s u r -  

face o r  the  upper boundary o f  t he  cloud l a y e r ,  A t  = T - T Z ,  T Z  = - 3 8 ° C  t h e  a i r  

temperature a t  t h e  a i r p l a n e ' s  h e i g h t ,  a = 0.0036. The information on t h e  rad-  
i a t i n g  capac i ty  of  clouds of  var ious  l e v e l s  were borrowed from work by Ye. P .  
Novosel ' t sev [14]. 

0 

0 

TABLE 1 .  ASCENDING LONGWAVE FLUX A T  THE L E V E L  OF THE A I R P L A N E  W I T H  CLOUDS OF 
VARIOUS L E V E L S .  

.~ - 

Surface Below Clouds 
Clouds of the Lower Level 
Clouds of the Middle Leve 
E16uds of the Upper Level 

_ _  
I 
1 

0 j 40 1 ,0  0,409 
2 I 8 1,0 0,346 

0 , s  0,256 

E t / ,  

0,13 
0 , I l  
0,08 
0,OG 

T r .  Note: Comm& i n d i c a t e  decimal p o i n t s .  
In r e a l i t y  t h e  values  of E+ f o r  t h e  clouds of t h e  upper l e v e l  should b e  

somewhat h ighe r ,  s i n c e  these  clouds f r equen t ly  t r ansmi t  longwave r a d i a t i o n ,  
coming up from the  underlying s u r f a c e  i n  the  lower l a y e r s  o f  t h e  atmosphere. 

The a i rp l ane  measurements i n  the  p o i n t  under the  s a t e l l i t e  y i e l d  t h e  
fol lowing values  o f  I ca l /  cm2min - s t e r  : 3-30 

a .  . . .-60 -50 --4o -30 -20 -10 0 10 20 30 40 50 60 
13-30 0-14 0.16 0.19 0.20 0.20 0.21 0.21 0.20 0.20 0.19 0-19 0.16 0.17 
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A s  i t  w a s  i n  t he  case o f  t h e  r a d i a t i o n  temperature ,  owing t o  t h e  sys t ema t i c  
e r r o r s ,  t he  d a t a  wi th  a equal  t o  -50 and -6O"C,  are too  low and have been ex- 
cluded from f u r t h e r  examination. 
wave flow on t h e  l e v e l  of t he  a i r p l a n e  amounts t o  0.600 cal/cm2min. 
appears too h igh ,  s i n c e  according t o  formula (1) even wi th  t h e  maximum value  
of t h e  underlying s u r f a c e  temperature o f  5 O o C  noted during t h e  passage o f  t h e  
s a t e l l i t e ,  t h e  ascending cu r ren t  of  longwave r a d i a t i o n  a t  t he  l e v e l  o f  the  a i r -  
p lane  does not  exceed 0 .43  cal/cm2min. From a comparison o f  t he  ca l cu la t ions  
according t o  formula (1) wi th  t h e  r e s u l t s  o f  t h e  ac t inomet r i c  sounding o f  work 
[13], i t  fol lows t h a t  t h e  accuracy o f  t he  c a l c u l a t e d  values  i s  o f  t h e  o rde r  of  
? l o % .  If t h e  c a l c u l a t i o n  e r r o r  i s  assumed t o  b e  equal  t o  +20%, even i n  t h a t  
case t h e  values  o f  13-30 measured from the  a i r p l a n e  remains s u b s t a n t i a l l y  high-  

e r  than t h e  ca l cu la t ed  ones.  

On the  b a s i s  o f  t hese  d a t a  the  ascending long- 
This va lue  

amounts t o  0.12- 3-  30 According t o  the  s a t e l l i t e  d a t a  i n  t h e  n a d i r  p o i n t  I 

-0.13 cal /cm2min*ster .  , which i s  considerably lower than t h e  a i r p l a n e  values  
and is  c lose  t o  t h e  va lue  of I = E + / n  = 0.13  cal /cm2min*ster  obtained on t h e  
b a s i s  o f  the  c a l c u l a t i o n s .  

Analogous r a t i o s  between t h e  ground, a i r p l a n e  and s a t e l l i t e  d a t a  were 
obtained f o r  o t h e r  days as we l l  (Table 2 ) .  The materials a v a i l a b l e  t o  us en- 
ables  us t o  compare t h e  ground, a i r p l a n e ,  and s a t e l l i t e  d a t a  i n  the  f i r s t  ap- 
proximation. For more accura te  comparisons i t  i s  necessary t o  ca r ry  ou t  a 
wider complex o f  measurements. In  p a r t i c u l a r  t h e  measurements o f  the  r a d i a t i o n  
c h a r a c t e r i s t i c s  a t  var ious  levels should be  accompanied by v e r t i c a l  sounding o f  
t he  atmosphere by means of an a i r p l a n e  and radiosondes.  
of t he  cases even a t  t h e  maximum a l t i t u d e  o f  i t s  f l i g h t  t he  a i r p l a n e  i s  below 
the  upper l i m i t  o f  the t roposphere,  i t  would be  use fu l  t o  combine a i rp l ane  
measurements wi th  ba l loon  measurements which make i t  p o s s i b l e  t o  eva lua te  the  
t ransformation o f  r a d i a t i o n  flows observed above the a i r p l a n e .  The problem of 
the  work of the  ground ac t inomet r i c  network does not  inc lude  measurements of 
such important values  which are necessary f o r  comparison, as r a d i a t i o n  tempera- 
t u r e  and the  flow of  t he  ascending longwave r a d i a t i o n .  In  connection with the  
necess i ty  f o r  checking t h e  c a l c u l a t i o n  methods, used f o r  conversion from one 
l e v e l  t o  the  o t h e r ,  t h e  organiza t ion  o f  a ground based network of  measurements 
o f  t hese  elements would be  extremely d e s i r a b l e .  

-- /4:  

Since i n  the  ma jo r i ty  

In  o rde r  t o  s tudy  the  r e p r e s e n t a t i v i t y  of t he  d a t a ,  ob ta ined  a t  the  ac t in-  
ometr ic  network, and t ak ing  i n t o  account t he  va r i ega ted  na tu re  o f  t he  underlying 
su r face  i t  i s  necessary a l s o  t o  car ry  ou t  measurements from the a i rp l ane  o r  
h e l i c o p t e r  a t  a small a l t i t u t d e .  
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TABLE 2. COMPARISON OF THE RESULTS OF MEASUREMENTS I N  THE POINT UNDER THE 
SATELLITE Io  cal /c tb2min*ster ,  nJo, INTERFERENCES, N O I S E ,  E+ I N  

c a l  /"mi n.  
P 

Date 

13 May 67 

1 5 i'ici1.j 67 

17 May 67 

-. . . .  

Time, He igh t  
of the Sun hQ: 

F1 i g h t  A 1  t i  tude 

6 h r ,  43 min - 
6 h r ,  59,min.  

h = 20°, 

H = 8.17 k m  
5 h r s ,  38 min - 
5 h r s ,  45 min.  

H = 7.99 km 
12 h r s ,  41 min - 
12 h r s ,  47 min. 

H = 9.1 km 

H 

(3 

he = 15" 

h = 58.6" 
0 

. - . .. 

A i r p  1 ane Data 
f n t e r -  
f erence- 
No i se , 4 

I . _ _  

. .  

- 

. -  

0,09 
0,40 
- 

- 

0,49 
- 

, 0 ,23  
__ 
- 

0,11 
0,35 

4 -  

0,20 
0,41-0,43 

- 

- .  . . .  

Spec t ra l  
Range, 

P 

0,3-3 
3-30 

8-12 
0,3-3 

3-30 

8-12 
0,3-3 

3-30 
8-12 

.- ~ __.  

Ground 
Data 

RK = 0,02-0,09 
E f  =0,52-0,62 

f -9-22' 
R, = 0,09 
ss- 

E f = 0 , 5 2  

f =9-100 
5s 
KK = 0,22-0,27 

E t  =0,78-0,89 
!ss= 40-50 

. -. 

Sate1 1 i t e  Data 
- 

0,05 
0,14 
-10 

0,02-0,05 
0,14 

-5; -9 

0,ll-0,18 
0,12-0,13 
-11; +3 

- .  . .  . 

0,16 
0,44 
- 

0,06--O,15 
0,44. 
- 

0,35-0,56 
0,38-0,4O 

- 

.. .. 

. .~ 

0,17 
- 
- 

0,lO-0,12 
- 
- 

0,34--0,55 
- 

- 

. .  

A i r p l a n e  Data 

I" 
I I 

0,07 
0,16 

11-20 
0,03 

0,16 

10 
0,OG 

3,16-0,21 
32-36 

Jnder 1 y i ng 
Surface Under 
the A i  r p l  ane 

8 P o i n t s  Ac, 
Cu hum., i n  the 
Breaks a re  
Forests  & F i e l d s  

F i e l d s  

- -- 

Plowed and Green 
F i e l d s  

O,Y2 
0,50 

- 

.0,09 

0,50 

- 

0,'O 

0,50-0,66 
- 

C 1 oud i ness 
Above the  
A i  r p l  ane 

C lea r  

~~ 

C lear  

Clear 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  
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E X P E R I M E N T  I N  U S I N G  DATA O N  O U T G O I N G  SHORTWAVE R A D I A T I O N  
OBTA I N E D  FROM KOSMOS -1 22 SATELL I TE 

K.  S .  S h i f r i n  and N .  P .  Pyatovskaya 

ABSTRACT. T h e  au thors  present  t h e  shortwave r ad ia t ion  bal-  
ance of t h e  atmosphere. T h e  c a l c u l a t i o n s  were performed on 
experimental da t a  obtained w i t h  a narrow-sector receiver 
(NSR) aboard t h e  Kosmos-122 s a t e l l i t e .  They note  good 
agreement of  t h e  measurement da t a  f o r  t h e  f i e l d  of outgoing 
shortwave r a d i a t i o n ,  from t h e  Tiros-IV and Kosmos-122 s a t e l -  
l i t e s  a t  d i f f e r e n t  times and w i t h  d i f f e r e n t  e q u i p m e n t .  T h e  
s a t e l l i t e  da t a  y i e l d  a no t iceable  an iso t ropy  of t h e  r e f l e c -  
t i o n  from t h e  water ,  t h e  b r i g h t n e s s  increases  w i t h  t h e  mir- 
ror  d i r e c t i o n .  T h i s  is  t h e  r e s u l t  of both t h e  an iso t ropy  
o f  r e f l e c t i o n ,  and t h e  e longat ion  of t h e  atmospheric i n d i -  
c a t r i x  of d i f f u s i o n .  T h e  processing of da ta  from t h e  Kosmos- 
122 s a t e l l i t e  showed t h a t  t h e  a lbedo,  according t o  t h e  NSR 
s i g n a l ,  agrees  s a t i s f a c t o r i l y  w i t h  t h e  known values  of t h e  
albedo of t e r r e s t r i a l  covers ,  and t h e  value of t h e  r ad ia t ion  
heat ing of t h e  v e r t i c a l  column of t h e  atmosphere co inc ides  
w i t h  t h e  da ta  of a i r p l a n e  measurements by o t h e r  au thors .  

I nt roduct  ion 

The determinat ion o f  t he  amount of  s o l a r  energy, observed by the  v e r t i c a l  /50 
column o f  t he  atmosphere i n  the  t e r r e s t r i a l  s u r f a c e ,  by means o f  an instrument 
loca ted  aboard a s a t e l l i t e  is a complex problem. The measurements aboard sa t -  
e l l i t e s  y i e l d  ind iv idua l  values  of  b r igh tnesses  of small a reas  a t  a wide variety 
of  angles .  To convert  t o  the  flows of  outgoing shortwave r a d i a t i o n  (OSR) a 
s p e c i a l  ca l cu la t ion  system has been developed a t  t he  main geophysical observa- 
t o ry  [ I ,  2 1 .  

I n  the p re sen t  work w e  have made an at tempt  t o  analyze the  d a t a  of meas- 
urement from s a t e l l i t e s  and t o  compare t h i s  d a t a  with the  ground and a i r p l a n e  
observa t ions ,  and a l s o  wi th  t h e  c l imato logica l  c a l c u l a t i o n s .  For t h i s  purpose 
w e  have used the  experimental  d a t a  on t h e  f i e l d  o f  outgoing shortwave r a d i a t i o n  
i n  the  0 . 3 - 3  1-1 region of  t h e  spectrum, obta ined  by means o f  a narrow-sector 
r e c e i v e r  ( N S R ) ,  i n s t a l l e d  aboard the  Kosmos-122 s a t e l l i t e .  These d a t a  a r e  
i n t e r e s t i n g  by themselves as the  c h a r a c t e r i s t i c  o f  t h e  OSR f i e l d ,  i t s  space and 
t i m e  v a r i a b i l i t y ,  and a l s o  from the  point-of-view of  coord ina t ing  them with t h e  
t h e o r e t i c a l  system [ l ,  23. 

The Kosmos-122 s a t e l l i t e  w a s  launched on 25 June 1966. I t  w a s  p u t  i n t o  
a c i r c u l a r  o r b i t  625 km h igh ,  t i l t e d  t o  the  p lane  of  t he  equator  at  an angle ,  
o f  60°,  wi th  a pe r iod  of  r o t a t i o n  around t h e  e a r t h  amounting t o  97 .1  min. 
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The working p r i n c i p l e  o f  t he  s a t e l l i t e  and t h e  methods o f  ob ta in ing  v a r i -  
ous information are given i n  work [SI. 

The ac t inomet r i c  d a t a  af ter  ope ra t ive  process ing  wi th  e l e c t r o n i c  computers 
were given i n  the  form of Tables and s p e c i a l  maps. , The t e l e v i s i o n  and i n f r a r e d  
p i c t u r e s  o f  c loudiness  a f te r  being processed were presented  i n  t h e  form o f  
mounted photographs and maps o f  t h e  cloud a n a l y s i s .  

Data o f  Measurements from t h e  Kosmos-122 

L e t  us examine t h e  d a t a  on t h e  b r igh tness  of  the  ear th 's-atmosphere sys-  
t e m .  For the  ana lys i s  i t  is  important t o  h a v e . t e l e v i s i o n  images of t h e  area 
viewed toge the r  wi th  t h e  NSR readings .  

i n i t i a l  da t a  i n  a l l  t hese  occasions are given i n  the  Table 1. 

We have used t h e  observa t ion  d a t a  ac- 
cording t o  the  loops f o r  t h e  pe r iod  from 27 J u l y  t o  2 1  September 1966. The - /51 

TABLE 1 

Date 
1966 

29 VI1 
1 VI11 
2 
7 

16 
17 
18 
20 
.2 1 
'2.5 
26 
26 
11 I X  
12 
13 
15 
17 
18 
20 
21 

Number 
o f  

Loop 

50 1 
545 
560 
634 
767 
782 
796 
824 
853 
898 
913 
927 

1160 
1175 
1 I89 
1220 
1248 
1263 
1292 
1307 

T ime  o f  Work o f  t h e  
E q u i p m e n t  (Moscow) 

Beg i n -  
n i n g  

Hrs. 

G 
5 
5 
6 
5 
5 
3 
1 
0 
1 
1 
0 

17 
18 
16 
19 
16 
16 
15 
16 

Mi n 

29 
42 
57 
00 
17 
40 
58 
16 
14 
00 
15 
16 
48 
03 
41 
04 
09 
25 
25 
07 

. .  

End 

= .~ 

H rs  

~ 

6 
5 
6 
6 
5 
5 
4 
1 
0 
1 
1 
0 

18 
18 
16 
19 
16 
16 
15 
16 

M i n .  

36 
48 
03 
08 
29 
51 
23 
37 
36 
05 
42 
26 
10 
19 
59 
16 
32 
48 
47 
16 

Observation 
Region 

La t i t u d e  

@ O  

70 c.-50 N 
70 ~.-55 N 
75 ~.-55 N 
60 c.-0 
1Om.-30 s 

3510.-15 S 
70 ~.-50 S 

60 c.-lO S 
50 ~.-15 S 
60 c.-40 s 
60 c.-15 S 
50 c.-45 s 
4510.-30 N 
4510.-30 N 
5010.-20 N 
510.-30 N 

5010.-30 N 
4010.--10 N 
30m.-40 N 
70 ~.-50 N 

Long i t u d e  

x o  

30 B.-120 E 
70 B.-120 E 
50 ~.-110 E 

120 ~.-145 E 
100 ~.--150 E 

70 ~.--150 E 
120 ~.--150 E 
120 ~.-170 E 
140 ~.--170 
110 ~.-140 E 
100 ~.--150 E 
120.~.-170 W 
20 3.-30 E 
20 3.-20 E 
10 3.-30 E 

20 3.-30 E 
20 3.-20 E 
10 3.-40 E 

30 3.-0 E 

30 ~ . -70  E 

Length o f  
Observa- 
t i ons  
(Taking the 
Breaks i n t o  
Account 
( m i n u t e s )  

-~ - .. - - .' 

7 
6 
6 
8 

12 
11 
25 
21 
22 
5 

27 
10 
12 
16 
16 
15 
23 
23 
22 

9 
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An example o f  t he  d i g i t a l  map o f  r a d i a t i o n  d a t a  expressed i n  10-2cal /  

/cm2min*ster i s  given i n  Figure 1. 

The nephanalysis  d a t a  on t h e  b a s i s  o f  t he  t e l e v i s i o n  p i c t u r e s  from aboard 
t h e  s a t e l l i t e  are given i n  Figure 2 .  
system o f  symbols, corresponding t o  the  fou r  conventional grada t ions  of  c loudi -  
ness  [9 ] .  

On t h e  cloudiness  map w e  have used t h e  

We should emphasize t h a t  t he  t e l e v i s i o n  images are obta ined  wi th  small 
r e s o l u t i o n ,  a r e  i n s u f f i c i e n t l y  b r i g h t ,  a d i s t o r t i o n  of  the  geometry of  t h e  
p i c t u r e  and the  tone  of  t he  image. The clouds and cloud systems wi th  a r ad ius  
of less than 50-100 km were n o t  marked. This  i n  p a r t i c u l a r  i s  connected with 
t h e  fact  t h a t  i n  a number o f  cases t h e  t e l e v i s i o n  image d i d  not  mark t h e  c loudi -  
n e s s ,  al though the  b r i g h t n e s s  s i g n a l  w a s  very l a r g e .  
viewed by t h e  NSR was about 25 km (according t o  the  u n d e r - t h e - s a t e l l i t e  p o i n t ) ,  
and a c t u a l l y  the  f i e l d  of  v i s i o n  o f  the r ece ive r  could have been covered wi th  
clouds although the  t e l e v i s i o n  d i d  n o t  show them. 

The r ad ius  o f  t h e  area 

Processing of Data and T h e i r  Analysis /53 
In  o r d e r  t o  process  t h e  measurement d a t a  we have Lased only t h e  b r igh tness -  

es,  ob ta ined  i n  the  p o i n t  under t h e  s a t e l l i t e ,  s i n c e  only  f o r  t h i s  p o i n t  d id  
we have t h e  o r b i t a l  d a t a  (he ight  of t he  sun ,  l a t i t u d e  and longi tude ,  e t c . ) .  
This po in t  corresponds i n  the  t h e o r e t i c a l  system t o  the  8 = 0 angle  and accord- 
i ng ly  t h e  b r igh tness  i n  i t  does not  depend on the  azimuth + ,  

According t o  every loop the  d a t a  were presented  i n  the form of  Table 1 
of  t he  appendix. In  t h i s  t a b l e  w e  g ive :  t h e  d a t e ,  number of loop,  Moscow t i m e ,  
zen i th  d i s t a n c e  of t h e  sun io, coordinates  o f  the p l ace  (according t o  the  

o r b i t a l  d a t a ,  the  Kosmos-122 s a t e l l i t e ) ,  t h e  mean values  of  the b r igh tness  i n  
t h e  po in t  under the  s a t e l l i t e  ( i n  
maps, t h e  s t a t e  of c loudiness  i n  t h i s  p o i n t  according t o  the nephanalysis  maps 
of  c loudiness  p l o t t e d  on t h e  b a s i s  of  t e l e v i s i o n  p i c t u r e s  from t h e  Kosmos-122 
s a t e l l i t e ,  t he  appearance of  t h e  underlying s u r f a c e  a t  t h i s  p o i n t  according t o  
the  World A t l a s  [ 3 ] .  

cal /cm2min*ster)  according t o  r a d i a t i o n  

/54 - 

We should no te  t h a t  t he  p o s i t i o n  of  t he  n a d i r  ( t h i s  is p r e c i s e l y  the  so-  
c a l l e d  p o i n t  under the  s a t e l l i t e )  up t o  16 August 1966, f o r  t e c h n i c a l  reasons 
w a s  considered t o  be i n  t h e  16th p o i n t ,  and a f t e r  the 16th o f  August a l ready  
i n  the  middle, i . e . ,  between the  14th and 15th po in t s  ( see  Figure 1 ) .  In  pro-  
cessing t h e  measurement r e s u l t s  we have taken i n  the  f i r s t  case t h e  averages 
of  t h e  n ine  b r igh tness  va lues ,  i n  t he  second case the  averages from 1 2  va lues .  

These m e a n  va lues  o f  b r igh tness  are s u b j e c t  t o  extremely g r e a t  o s c i l l a -  
t i o n s  from p o i n t  t o  p o i n t  depending on the type of the underlying s u r f a c e  and 
mainly on the c loudiness ,  as can b e  seen  from Table 1 of  the appendix. 
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F i g u r e  1 .  
o f  the Spectrum Obtained on 17 August 1966 from the Kosmos-122 S a t e l l i t e .  

Specimen of t he  D i g i t a l  Map o f  Rad ia t i on  Data i n  the 0.3-3 1-1 Region 



Figure 2 .  Cloudiness Map Obtained From the.Kosmos- 
122 S a t e l l i t e  o n  17 August, 1966, a t  5 Hrs., 44 M i n .  
-5 Hrs, 50 M i n .  Accordin t o  Moscow Time  

As examples, s ee  Figures  3-5, showing samples of  b r igh tness  f i e l d  
r e a l i z a t i o n s  a t  p o i n t s  beneath t h e  s a t e l l i t e  us ing  ins tan taneous  va lues  
f o r  s e v e r a l  r evo lu t ions  r a t h e r  t han  mean da ta .  

The type of  cloud cover and underlying s u r f a c e  a t  t h e  p o i n t  i n  ques t ion  
f o r  r evo lu t ions  SOP, 560, and 583 are presented  i n  Tab le -1  of t h e  appendix, 
f o r  r evo lu t ions  898 and 913 -- i n  Table 2 of t h e  appendix. 

Figures  3-5 and Tables  1 and 2 of  t h e  appendix show t h a t  the cloud 
cover has  t h e  g r e a t e s t  i n f luence  on b r igh tness  and i t s  changes. 
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I ca 1 /cm2 m i n s t e r  
q4r 

I I I I I I I I 
6'/30bmin 32 34 6r36 ,,,in 

I I I I I I I I  
0' 5'/.SBmin 6v.00,in 02  6 ~ . 0 4 ~ i ~  

/J 

A c  cording 
ness  va lues  i n  
t h e  s a t e l l i t e s  
t h e  ba lance  i n  
h e a t i n g  o f  t h e  
mosphere. The 

t o  t h e  mean b r i g h t -  
t h e  p o i n t s  under 
we have ca l cu la t ed  
t h e  r a d i a t i o n a l  
column o f  t h e  a t -  
c a l c u l a t i o n  w a s  

performed according t o  t h e  follow- 
i n g  formulas.  

1) Balance o f  t h e  e a r t h ' s -  /55 
atmosphere system 

A Q  = So cos i - l?, 

where S i s  the s o l a r  constant  i n  

cal/cm2 min, i i.s the  zeni th  d i s -  
t ance  o f  t he  sun, R i s  the  flow 
o f  outgoing shortwave r a d i a t i o n  
i n  cal/cm2 min. 

0 

Value R w a s  determined ac- 
cording t o  t h e  values  o f  b r i g h t -  
ness  I ,  measured from the  Kosmos- 
1 2 2  s a t e l l i t e  according t o  the  
system.developed i n  [2, Tables 1- Figure 3 .  Specimen o f  Por t raya l  o f  t h e  

Brightness F i e l d  i n  the Poin ts  Under t h e  
S a t e l l i t e s  (Moscow T i m e ) .  a ,  Loop No. of the 

2) Balance o f  t he  column o f  501, 29 Ju ly  1966; b ,  Loop NO. 560, 28 
Ju ly  1966; C ,  LOOP No- 898, 25 J u l y  1966. atmosphere 

B, = A Q  - E* (I  - AJ, 
E*=E(I +0,06), 

where E i s  the  t o t a l  i l l umina t ion  o f  t he  s u r f a c e  of  the e a r t h  wi th  shortwave 
r a d i a t i o n  i n  cal/cm2 min, i t s  values  f o r  the 0.4-2.5 p s p e c t r a l  i n t e r v a l  are 
given i n  Table 3 o f  work [2] ;  AU i s  the  albedo o f  t he  underlying su r face  and 

clouds.  
measured from the  Kosmos-122 s a t e l l i t e ,  by means o f  Tables  1 through 8 o f  t h e  
appendix from work [ 2 ] .  

- /56 

This  va lue  w a s  determined according t o  t h e  values  o f  br igh ' tness  I ,  
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I cal/cm2min 

L- I  I I 

0~1/5~i  N /9 21 23 OuWmin 

1 . 1  I I I i v i  I I I I I I '  

0%25,in 27 29 31 33 35 0~36,,,i, 

.Figure 4. Specimen of Por t raya l  of t h e  
Brightness F i e l d  i n  Po in ts  U n d e r  t h e  S a t e l -  
l i t e s  (Moscow T i m e ) ,  Loop No. 853, 21 
A u g u s t  1966. 

u' I I I I 1 ~ 1 8  m i  
I 

Figure 5.  Specimen of Por t raya l  of t h e  
Brightness F i e l d  i n  Poin ts  U n d e r  t h e  S a t e l -  
1 i tes  (Moscow Time)  , Loop No. 913, 
26 A u g u s t  1966. 

s u r f a c e  (Figure 6 ) .  

The value 0.06 is t h e  
add i t ion  through r a d i a t i o n ,  
which w a s  n o t  taken i n t o  ac- 
count i n  [ 2 ] .  I t  cons i s t s  o f  
t he  fol lowing p a r t s :  9% of  t h e  
t o t a l  r a d i a t i o n  belongs t o  t h e  
s p e c t r a l  region of A < 0.4 p, 
3.5% t o  X > 2.5 p, i . e . ,  t h e  
t o t a l  add i t ion  amounts t o  
12.5%. Evaluat ions show t h a t  
about one h a l f  o f  t h i s  va lue  
reaches the  ground s u r f a c e .  

3) Albedo o f  the  e a r t h ' s  
atmosphere system 

'e- a== R 

4) Radiat ion hea t ing  o f  
t he  p i l l a r  o f  the  atmosphere 
caused by absorp t ion  o f  s o l a r  
r a d i a t i o n  

dT/dt = 0.245 B deg/hr .  

Here B i s  i n  cal/cm2 min. 
This  formula was obtained by 
V .  G .  Kastrov [4] .  

A s  an example i n  Table 2 
we g ive  the  r e s u l t s  of  calcu-  
l a t i o n s  o f  the  values  o f  A Q  

(cal/cm Zmin.), a T / a t  (deg/hr ) ,  
AU and A 

o f  loops Nos. 767, 898 and 
913. The t r a j e c t o r y  of t hese  
loops passes  over  t he  regions 
o f  t h e  t e r r e s t r i a l  globe with 
a wide v a r i e t y  o f  underlying 

f o r  s eve ra l  p o i n t s  e -a  

The d e t a i l e d  r e s u l t s  of  c a l c u l a t i o n s  o f  t he  r a d i a t i o n  ba lance  of  t he  
atmosphere f o r  a l l  t h e  t h r e e  loops are given i n  Table 2 o f  the  appendix. 
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TABLE 2. 

767 
16 VI11 1966 

I 1  
2 
3 
4 

25 VI11 898 1966 I ; 
0,08 
3,13 ' 
0,24 
0,26 

0,40 
0,31 
0,26 
0,44 

0,19 
0,24 

913 1 ; '  

0,09 1,69 
0,16 1,56 
0,31 1,24 
0,30 1,06 

0,35 0,16 
0,35 0,24 
0,35 0,31 
0,87 0,26 

0.18 0,46 
0,27 0,73 I :  26 VI11 1966 

0,34 0,42 

T r .  Note: Commas ind ica t e  decimal 

0,72 

~ .- 

I I 
e-a I I *Q 

A 

Figure 6. 
of Kosmos- 
16 A u g u s t ,  
25 A u g u s t  
26 A u g u s t  

Tra jec tory  of t h e  F1 igh t  
22.  I ,  Loop No. 767, 
1966; 1 1 ,  Loop'No. 898, 
966; 1 1 1 ,  Loop NO. 913, 
966. 

S i b e r i a  A = 18%, A = 18-20%. 
s a t  g r  

po in t s .  

dT 
dt 
- 
- -. 

0,lO 
0,lO 
0,09 

0,02 

0,07 

0,03 
0,04 
0,05 

0,04 
0,06 
0,06 

I n  the  cases examined the values  /57 
of  t h e  r a d i a t i o n  h e a t i n g  f l u c t u a t e s  
wi th in  the  l i m i t s  o f  0.02-0.1 deg/hr.  
These values  are i n  s a t i s f a c t o r y  agree- 
ment with the  mean values  o f  the  rad- 
i a t i o n  hea t ing ,  ob ta ined  e a r l i e r  by 
V.  G .  Kastrov according t o  the  observa- 
t i o n s  during t h r e e  years  i n  f l i g h t s  on 
an a i r p l a n e  up t o  the he igh t  o f  5 km 
[4] and N .  P .  Pyatovskaya according t o  
two years  observa t ions  during f l i g h t s  
up t o  the  he ight  o f  3 km [ S ,  61. 

- 

I t  is  a l s o  i n t e r e s t i n g  t o  compare 
the  va lues  o f  albedo of su r faces  ac- 
cording t o  the  ground observa t ions  and 
c l  imato l o g i  cal c a1 cul a ti ons with the  
albedo values  obta ined  from the  Kosmos- 
122 s a t e l l i t e .  

During c l e a r  days i n  the  region o f  
t h e  P a c i f i c  Ocean the  albedo according 
t o  t h e  Kosmos-122 sa t e l l i , t e  A = 9%,  

t h e  albedo according t o  ground d a t a  
A = 7-9%; i n  A u s t r a l i a  (dese r t  region)  

s a t  

g r  
= 36%, A = 28-30%, i n  Western 

As a t  g r  

We should n o t e  tha t ,  i n  process ing  the  d a t a  o f  measurement from the  Kosmos- 
122 s a t e l l i t e  w e  encountered a number of d i f f i c u l t i e s ,  connected f irst  o f  a l l  
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with t h e  fact  t h a t  no t  a l l  t h e  loops contained d a t a  on cloudiness  ( the  TV 
p i c t u r e s  i n  r a d i a t i o n  maps were o f t e n  obta ined  a t  d i f f e r e n t  t imes ) ,  and d i s -  
rup t ions  o f t e n  appeared on r a d i a t i o n  maps. 
only f o r  the  p o i n t  under t h e  s a t e l l i t e  wi th  a space o f  one minute, i t  i s  ex- 
tremely d i f f i c u l t  t o  t i e  i n  t h e  o t h e r  p o i n t s  t o  the  l o c a l i t y  accu ra t e ly .  More- 
over ,  i n  a number o f  cases  c l e a r l y  too  h igh  values  o f  b r igh tnesses  were obtained 
e s p e c i a l l y  when the  sun w a s  low. For example, f o r  loop N o .  913 a t  1 h r  15 min- 
-1 h r  17  min when t h e  e l eva t ion  o f  t he  sun was less than So, t he  albedo of  t he  
underlying su r face  obta ined  i s  g r e a t e r  than 1 (see Table 2 o f  appendix).  

Since t h e  o r b i t a l  d a t a  obta ined  

Apparently,  t h e  four-point  system of c loudiness  eva lua t ion  s e l e c t e d  does 
n o t  cha rac t e r i ze  wi th  s u f f i c i e n t  accuracy t h e  s t a t e  .of the cloudiness  i n  the  
region given.  For example, i n  s p i t e  o f  the  f a c t  t h a t  on t h e  nephanalysis  map 
the  0 p o i n t  c loudiness  ( c l e a r )  i s  i n d i c a t e d ,  i n  the  f i e l d  of  v i s i o n  o f  t h e  N S R  
t he re  may be s e c t o r s  with cumulus clouds,  which inc rease  sha rp ly  the  readings 
of t he  instruments ( see  f o r  example, Figure 3 ) .  

Angular S t ruc tu re  of t h e  F i e l d  of Outgoing Shortwave Radiation 

The narrow angle  ins t ruments ,  i n s t a l l e d  aboard a s a t e l l i t e ,  a r e  scanning 
i n  the  p lane ,  perpendicular  t o  t h e  s a t e l l i t e  f l i g h t  t r a j e c t o r y .  This makes i t  
poss ib l e  t o  determine the  angle  of  s t r u c t u r e  of the  OSR f i e l d  above t h e  uniform 
underlying s u r f a c e .  As an example we g ive  F igure  7,  where we g ive  t h e  i n d i c a t -  
o r s  of  the  r e f l e c t e d  r a d i a t i o n  b r igh tness  f i e l d  above water. These d a t a  were 
obtained from the  Kosmos-122 s a t e l l i t e  over  t he  P a c i f i c  Ocean (29"  N and 138" 
E) on 7 August 1966 (loop No. 634) with the  e l eva t ion  o f  t he  sun a t  11.5O ( i  = 
= 78.5O). For comparison on the  same diagram we g ive  the  d a t a  from the  T i ros -  
4 s a t e l l i t e  f o r  t he  same e l e v a t i o n  of t he  sun a l s o  over  t he  P a c i f i c  Ocean and 
the  t h e o r e t i c a l  curve [Rayleigh) , ca lcu la t ed  wi th  T = 0 .5  ( o p t i c a l  t h i ckness )  

and albedo A = 0 (according t o  [ l o ] ) .  
0 

We should note  the  good agreement between the  d a t a  o f  measurements o f  the  
OSR f i e l d  obtained from the  Tiros-4 and Kosmos-122 s a t e l l i t e s  a t  d i f f e r e n t  
t imes.  In  Figure 7 w e  can c l e a r l y  s e e  the  d i f f e r e n c e  of the  r e a l  OSR f i e l d  
from t h e  Rayleigh f i e l d .  

The s a t e l l i t e  d a t a  y i e l d  a n o t i c e a b l e  anisotropy o f  t he  r e f l e c t i o n ,  t he  
b r igh tness  grown i n  t h e  mi r ro r  d i r e c t i o n .  This i s  t h e  r e s u l t  o f  both t h e  an- 
i so t ropy  of  r e f l e c t i o n  from the  water  and from t h e  s t r e t c h e d  s t a t e  of  t h e  a t -  
mospheric d i spe r s ion  i n d i c a t o r .  
work [ 7 ] .  

This problem i s  examined i n  g r e a t e r  d e t a i l  i n  

I n  conclusion, w e  should mention the  fol lowing.  The process ing  of t he  / 5 8  
Kosmos-122 s a t e l l i t e  measurement d a t a  performed by us indjlcates that t h e  albedo - 
evalua ted  according t o  t h e  N S R  s i g n a l  va lues  coincides  s a t i s f a c t o r i l y  wi th  the  
known values  of t h e  ground cover albedos.  The va lue  of  the rad la t zon  h e a t i n g  
o f  the  v e r t i c a l  column of  t h e  atmosphere coincides  with the  d a t a  o f  a i r p l a n e  
measurements ob ta ined  by o t h e r  au thors .  
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2 I cal/cm minester 

1. 

2 .  

3 .  

4.  

5 .  

6 .  

8. 

9 .  

Figure 7.  Ind ica tors  of B r i g h t n e s s  of the  Reflected 
Radiation F i e l d  Over Water. I ,  Rayleigh Curve; 2, 
Obtained from t h e  Tiros-4 S a t e l l i t e ;  3 ,  Obtained from 
t h e  Kosmos-122 Sate1 1 i te. 
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APPENDIX - TABLE 1 .  

Resul ts  o f  Observat ion from the Kosmos-122 S a t e l l i t e  i n  the P o i n t  Under the S a t e l l i t e .  

Moscow Tim,:: 

Hrs. Min. Sec.  

0 

Cloudiness Characteristic Underlying Surface 

Coordinates,of the Location 
- 10 

P' 

6.29 45 

6 30 45 

6 31 45 

6 32 45 

.6 33 45 

6 34 45 

6 35 45 

6 36 45 

T r .  Note: 

6!!,6 

59,7 

56,9 

54,2 

51,5 

48,9 

G,5 

44; 1 

61,9 N 

63,4 N 

64,4 N 

65,O N 

65,l. N 

64, l  N 

63,8 N 

62,5 N 

29 July, 1966, Loop No. 501 

62,3 E 

69,4 E 

77, l  E 

85,3 E 

93,8 E 

102,l E 

110,1 E 

117,4'E 

Commas i n d i c a t e  decimal p o i n t s ,  

0,16 

0,22 

0,12 

0,28 

0,14 

0,19 

0,21 

C ,  Cumuliform 

Boundary between the 
C and Clear Zones 

principal Cloud Systems 

Clear 

C ,  Frontal 
Banded Structure 

Clear 

Clear 

Considerable, Banded 

C, Cumuliform 

Structure 

fiddle- and Southern Taiga' Western 
Siberian Pine Forests 

Sphagnum, in some places forested & 
clay grassy swamps of the Taiga zone. 

Deciduous-spruce, cedar-Northern 
Taiga Western Siberian' Forests 

Large, spruce-large, Northern Taiga 
Western Siberian Forests 

Large, Northern Taiga sparse forests, 
with brush and swamp SeCtOiS 

Large, .Middle Taiga forests (brusi'i 
and mosses) 

Large,!Middle Taiga forests with moss, 
grass, and brush 
Mountainous T a i g i  dark coniferous forests 



APPENDIX - TABLE 1 (Continued) 

Moscow Time'  

; 

Hrs. M n .  Sec. 

D 

Cloudiness Characteristic Underlying Surface 
Coordinates of the Location 

10 Latitude Longitude I 
cmzmin. ster 9' 

5 57 45 

5 58 45 

5 59 45 

6 00 45 

6 01 45 

6 02 45 

1 

I 

I 
I 70,l 

66,8 

62,3 N 

63,7 N 

64,6 N 

65,l N 

65,O N 

64,5 N 

2 August 1966, Loop No 560 

56,0 E 

63,2 E 

71,l E 

79,4 E 

a7,8 E 

!%,I E 

0,08 

0,11 

0,14 

0,16 

0,13 

0,12 

Boundary between the 
Clear & Considerable 
Zones 

Clear 

Clear 

Zonsiderable, Stratiform 

Dark-coniferous Western Ural Forests 

Western Siberian Pine Forests 

Grassy and Grassy-mossy lowland swamps 

Sphagnum, sometimes forested swamps 
of the Taiga zone 

:onsiderable, Cumulifor Large-spruce-cedar Northern Taiga 
Western Siberian Forests 1 

Llike, distinctly expressed Large-spruce-cedar Northern Taiga 
:hick cumulus and 
2umulonimbus clouds 

I WesternSiberian Forests 

T r .  Note: Commas i nd i ca te  d.ecimal po in ts ,  



APPENDIX - TABLE 1 (Continued) 

Moscow Time 

HIS. Mn. Sec. 
j 

Coordinates of the Location Mean 
e .  

10 Latitude Longitude I Cloudiness Characteristic Underlying Surface 

cmzmin. ster 9' 

21 August, 1966, Loop No, 853 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

033 

49,7 

48, l  

46.7 
45 '5 

44,? 

43,7 
43;l 

42,9 

19.0 N 
15,6 N 
12,3 N 
8,9 N 

5,5 N 
2 , l  N 

1,3 S 

4,7 s 
42,9 I 8 , l  S 

43.1 I 11,5 S 

0 34 I 43,7 , 14,9 s 
I 

18,3 S 

036 ,' 45,4 , 21,7 S 

168,5 E 

170,O E 

171.4 E 

172,s E 

174,2 E 

175,5 E 

176,s E 

178,1 E 

179,5 E 

I 179,l w 
177.7 W 

i 176.2 W 

I 
1 174,7 W 
i 

0,12. 

0,05 

0,04 

0,06 

0,05 

0,04 

0,01 

0,lO 

0,15 

0,11 

0,lS 

0,05 

0,M 

Light, Cumuliform 

Same 

Same 

Light , banded 
structure 

Same 

Same 

- 
Considerable. cumuliforr 

large cells 

Considerable, banded 
structure 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

T r .  Note: Commas indicate decimal points. 



I 

0 

Coordinates of the Location 

'0 Latitude Longitude Cloudiness Characteristic 
Moscow Time 

Hrs. Min. Sec.  9" 

A P P E N D I X  - TABLE 2 
Results of  Calculations o f  the Radiation Balance of the Atmosphere. 

E 2 Underlying Surface x g  

7" e 
4 
mJ U 

= v  

130,9 E 1 0,09 

132,3 E 0,lO 

133,s E 0,12 

135,3 E 0,13 

136,9 E 0,12 

138,5 E 0,15 

140,4 E 0,12 

16 August, Loop No. 761 

cirriforin & stratirorin) 

Light, cloud bands 

Considerable, cumuliform 

Considerable, cumuliform 

Clear 

- 
Clear 

Considerable, Cumuliform 

5 18 45 23,O 1 6,6 N 

5 23 45 

5 24 45 

5 25 45 
5 26 45 

5 27 45 

5 28 45 

5 29 45 

28,l 

30,4 

32,9 

35,6 

38,s 

41,4 

44,s 

10,4 S 

13,8 s 
17,2 s 
20,5 s 

28,9 s 
27.2 s 
30,5 s 

124,2 E 0,05 

125,5 E 0,08 

126,9 E 0,09 

128.2 E 0,11 

Considerable, 
banded structure 

C ,  Clearly' expressed 
thick cumulus and 
cumulonimbus 

C ,  Cumuliform 
& stratiform 

Boundary of the light & 
C zones, cumuliform 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

9 

15 

17 

22 

16 

19 

21 

27 
31 

29 

37 

30 

0,15 

0,24 

0,27 

0,32 

0,24 

0,28 

0,30 

0.37 

0.39 

0,37 

0,46 

0,37 

1,691 

1,601 

1,565 

1,500 

1,555 

1,484 

1,427 

1,310 

1,240 

1,195 

1,040 

1,057 

0,394 

0,389 

0,404 

0,398 

0,386 

0,386 

0,%8 

0.380 

0,347 

0,316 

0,297 

0,099 

0,096 

0,095 

0,099 

0,096 

0,095 

0,094 

0,090 

0,093 

0,085 

, 0,077 

I 0,073 

v 
w T r .  Note: Commas indicate  decimal po in ts ,  



MOSCOW Time 

.HIS. Min. Sec.  

c - 
0 d f  "! 

d l  
Underlying Surface Coordinates of the Location 

io Latitude Longitude 
- 2 '2 

Cloudiness Characteristic x x  Y 4 3 x  
=? 3 Q O" 2: 2 p? deg/hrs. I cp" 

- Water 

APPENDIX TABLE. 2 (Continued) 

I I I I I  146,O E 

149,4 E 

0 59 45 

10045 

1 01 45 

1 02 45 

1 03 45 

1 04 45 

86,5 

84,3 

82, l  

79,9 

77,8 

75,7 

109,8 E 

114,6 E 

118,8 E 

122,5 E 

125,8 E 

128,7 E 

Mountain Tayga 
Dark Coniferous 

Southern Siberia 
Forests 

Middle Taiga 
Large Forests 

Middle Taiga 
large forests 

0.11 1, 163 

1, 240 

),311 

0 087 0,021 0,03 

0,33 

0,03 

0,07 

Light, cumuliform .35 

Clear 

Clear 

Mountain large 

Meadowland steps 
with brush, elms, 
Mongolian willow, 

forests 
35 

35 

0,11 

0;ll 

0,172 0,031 

0 162 '0,040 

-forest 

Cedar- 

step 

,broad leaf Clear 87 0,24 1,255 0,216 0,053 
: forests i n  combinatibn 

j; with the spruce-fir 
forests 

Pine & large-pine , 
Middle Siberian 

j 
i Forests 

26 August, Loop No. 913 

1.0,04 1 Considerable banded 
I structure 

I 

1 15 45 89.15 57.9 N 

Tr.  Note: Commas indicate decimal points. 



Moscow Time 

HIS. Min. Sec.  

1 16 45 87.12 55,6 N 

1 17 45 85,1 53,O N 

I M' c a ,  
Coordinates of the Location 

0 

Cloudiness Characteristic '0 Latitude Longitude 
ii S 0' 

1 21 45 -77,2 

1 22 45 75,3 

1 23 45 '73,4 

1 

122,8 E 0,03 

1 24 45 

I 25 45 

1 26 45 

1 27 45 

1 28 45 

Light, cumuliform 

71,6 

69,9 

68,2 

G6.6 0,03 

0109 

41,5 N 

38.,4 N 

35,2 N 

32,O N 

28,8 N 

25',5 N 

22,2 N 

18,8 N 

Clear 

C, cumuliform ~r 
stratiform 

i -  
105,7 E ' 0,05 1 Light, cloud bands 

125,2 E ~ 0,03 

129,4 E 

131,3 E 

132,O E 

134,6 E 

136,2 E 

0,03 

0,02 

Light 

Clear 

Clear 

- 

Mountain-Taiga >1 
dark coniferoils 
Southern Siberian 
forest 

Transbicalian >1 
Mountain Pinelarge 
forests 

Pine-oak, pine 
dry forests 

the same 

Mountain oak 
lime-maple oak 
forests 

Water 

Water 

Water 

Water 

Water 

32 0,11 

29 

18 

23 

14 

30 

17 

46 

0,11 

0,11 

0,11 

0,oe 

0,14 

0,lO 

0'. 30 

! 

I 

0,334 

0,396 

0,463 

0,521 

0,609 

0, 601 

0,683 

0,540 

! 

0,167 

0,185 

0,179 

0,220 

0,232 

0,261 

D ,245 

0,225 

0,041 

0,045 

0,044 

0,05.1 

0 , 057 

0,064 

0,060 

0,055 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  
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APPENDIX  TABLE 2 (Continued) 

MOSCOW Time  

Hrs. Min. Sec.  

1 29 45 

1 30 45 

1 31 45 

134 45 

1 35 45 

136 45 

137 45 

1 40 45 

1 41 45 

c - M' - 
0 - 

d l  

c s  
;1 2 Cloudiness Characteristic 

ld RI deg/hrs. 2 2 3 

Coordinates of the Location 

(0 Latitude Longitude e 
Underlying Surface 

LI 

b. Q 22 & 
M 

s 9" 

63,7 15,5 N 137,G E 0,07 the same Water 30 0,23 0,657 0,228 0,056 

62,4 12,l N 139 E 0,05 Light, cloud bands" Water 19 0.17 0,756 0,236 0,058 

27 0,23 0,734 0,239 0,059 6I,2 8,7 N 1@,0 E 0,07 Clear, cloud bands Water 

58,4 1,5 s 144,O .E 0,04 Considerably, .cumuliform Water 15 0,1+ 0,907 0,277 0,068 

57,7 4.9 s 146,O E 0,04 C, clearly expressed Water 15 0,13 0,940 0,293 0,072 

I 

thick cumulus and ' 
cumulonimbus 

572 8,3 S 147,O E 0,04 Light, cumuliform Water 14 0,14 0,945 0,279 0,068 

13 0.14 0,955 0,273 0,067 56,8 11,7 S 148,O E 

56,7 21,9 S 153,O E 0,s Considerable, Watef 20 0,19 0,910 0,277 0,066 

o,04 Boundary between the-  Water 
light and C zones 

cumuliform (large cells) 

5780 25,2 .S 155,O E 0,12 C, banded structure Water 42 0,37 0,720 0,258 0,063 

T r .  Note: Commas indlcate decimal p o i n t s .  



PROBLEMS OF INTERPRETATION OF INFRARED P I C T U R E S  OF CLOUDINESS 
TAKEN FROM WEATHER S A T E L L I T E S  

L. N. Guseva, V .  F. Zhvalev, K .  Ya. Kondrat'yev, 
N . Y e .  Ter-Markaryants 

ABSTRACT. T h e  au thors  examined problems connected w i t h  
t h e  eva lua t ion  of t h e  poss ib l e  dev ia t ions  of c o n t r a s t s  of 
r ad ia t ion  temperature of t h e  underlying su r face  and c loudi -  
ness i n  each s p e c i f i c  case  from a corresponding most prob-  
a b l e  c o n t r a s t .  
T h e  author  performed an inves t iga t ion  o f  t h e  inf luence on 
t h e  values  of t h e  c o n t r a s t s  of r ad ia t ion  temperautres by 
s u c h  f a c t o r s  ac t h e  d e g r e e  of blackness of t h e  underlyina 
s u r f a c e ,  t h e  amount of c loud iness ,  t h e  angle  of s i g h t i n g  
of t h e  scanning e q u i p m e n t ,  and t h e  spec t r a l  c h a r a c t e r i s t i c s .  
I n  t h e  work t h e  au thors  ob ta in  f o r  c e r t a i n  reqions of t h e  
t e r r i t o r y  of the USSR t h e  most probable co r rec t ions  t o  t h e  
temperature of t h e  underlying su r face  and t h e  upper 
boundary of c loud iness ,  measured by t h e  r ad ia t ion  method. 

One o f  the  main problems so lved  by means of  weather s a t e l l i t e s  is  t h e  t rac-  / 6 6  - 
i n g  o f  t h e  d i s t r i b u t i o n  o f  t he  cloudiness  over  the t e r r e s t r i a l  globe.  During 
the  daytime t h i s  t a s k  i s  performed by means of t he  usua l  t e l e v i s i o n  cameras, a t  
n igh t  t h i s  i s  done on the  b a s i s  o f  t he  d a t a  o f  three-dimensional d i s t r i b u t i o n  
of  the  outgoing i n f r a r e d  (thermal) r a d i a t i o n  of t he  ear th 's-atmosphere system. 

As we know i n  most cases the  temperature o f  the upper boundary of  c loudi-  
ness  i s  lower than the  temperature of t he  underlying s u r f a c e ,  as the  r e s u l t  o f  
which i n  t h e  observa t ions  from the s a t e l l i t e s  the  cloudiness  c r e a t e s  aga ins t  
t he  background of  t he  t e r r e s t r i a l  s u r f a c e  a c e r t a i n  c o n t r a s t  o f  t he  flows o f  
outgoing thermal r a d i a t i o n  and because o f  t h i s  can be de t ec t ed  from the  weather 
s a t e l l i t e .  I n t e r p r e t a t i o n  o f  t he  d a t a  on IR-rad ia t ion  measured by means of  
weather s a t e l l i t e s ,  r equ i r e s  overcoming a s e r i e s  o f  s u b s t a n t i a l  d i f f i c u l t i e s  
(caused, i n  p a r t i c u l a r ,  by t h e  cons iderable  space-time v a r i a b i l i t y  of  t he  f i e l d  
o f  outgoing longwave r a d i a t i o n ) ,  t h i s  had been d iscussed  e a r l i e r  i n  our  works 
11, 3 ,  41 .  Thus, f o r  example, i n  developing the  corresponding measuring 
equipment, and a l s o  f o r  i n t e r p r e t a t i o n  of energy values  determined by means o f  
i t ,  i t  i s  necessary t o  have d a t a  on r a d i a t i o n  c o n t r a s t s ,  which may o r i g i n a t e  
i n  t h e  ear th 's-atmosphere system. In  works [ l ,  3 ,  41 w e  have c a r r i e d  out  t h e  
ca l cu la t ions  o f  t he  most probable  values  o f  r a d i a t i o n  c o n t r a s t s  a t  t h e  l e v e l  
o f  t he  upper boundary o f  t he  atmosphere and f o r  var ious regions o f  t h e  t e r r i -  
t o r y  of  the  USSR. The i n i t i a l  d a t a  (mean monthly many years  va lues)  according 
t o  t h e  s o i l  temperatures ,  temperatures and a l t i t u d e s  o f  t h e  upper boundary of  
the clouds were cb ta ined  by L .  N .  Guseva, K .  Ya. Kondrat'yev, and N .  Y e .  
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Ter-Markaryants 11, 51 on t h e  b a s i s  of t h e  use of  s u b s t a n t i a l  s t a t i s t i c a l  
material. 
o f  c loudiness  o f  var ious  Jeve l s  were c a r r i e d  o u t  t ak ing  i n t o  account t he  
s p e c t r a l  values  o f  t h e  degree o f  blackness  o f  t h e  clouds,  borrowed from the  
work by Ye, P .  Novosel ' t sev [ 2 ] .  

The c a l c u l a t i o n  of t he  flows of  outgoing r a d i a t i o n  i n  t h e  presence 

The p resen t  a r t i c l e  c o n s i s t s  of  two p a r t s .  I n  t h e  first p a r t  we present  
the fol lowing ques t ions ,  p e r t a i n i n g  t o  t h e  problem of r a d i a t i o n  (temperature) 
con t r a s t s  : 

1) eva lua t ion  o f  t he  p o s s i b l e  devia t ions  from t h e  most probable  cont ras t s  
of  r a d i a t i o n  temperatures o f  the  underlying s u r f a c e  and clouds , ca lcu la t ed  by 
us ear l ie r ;  

2) i n v e s t i g a t i o n  of  t h e  in f luence  on t h e  r a d i a t i o n  temperature c o n t r a s t  
values  o f  such f a c t o r s  as the  degree o f  blackness  o f  t he  underlying su r face ,  
t he  quan t i ty  of  c loudiness ,  t he  s i g h t i n g  angle ,  the s p e c t r a l  c h a r a c t e r i s t i c s  
of  t h e  measurement equipment; 

3 )  the  ana lys i s  o f  the most probable  co r rec t ions  t o  the  temperature o f  
t he  underlying s u r f a c e  and clouds,  measured by the  r a d i a t i o n  method, obtained 
by us previous ly .  

The second p a r t  of t h i s  work i s  devoted t o  the  ana lys i s  o f  the i n f r a r e d  
p i c t u r e s  o f  t h e  e a r t h  obta ined  from the  Nimbus-1 and Kosmos-122 s a t e l l i t e s ,  
i l l u s t r a t e d  (when i t  is  poss ib l e )  by example o f  t he  use o f  d a t a  on r a d i a t i o n  
temperature c o n t r a s t s .  

1 .  Evaluation of the Poss ib l e  Deviations of Radiation Temperature Contrasts  
f rom t h e  Mean Val ues 

The probable  values  of  t he  r a d i a t i o n  c o n t r a s t  o f  clouds aga ins t  the  back- 
ground o f  t he  under ly ing  s u r f a c e  presented  by us i n  a series of  works, were 
ca l cu la t ed  using t h e  i n i t i a l  d a t a ,  r ep resen t ing  the  mean long range va lues .  In  
t h i s  case w e  used t h e  mean long range values  o f  bo th  the  content  o f  atmospheric 
components absorbing r a d i a t i o n  and d i s t r i b u t i o n  of  a i r  temperature with a l t i -  
tude ,  as wel l  as the  temperatures o f  t he  underlying s u r f a c e ,  and a l s o  the  temp- 
e r a t u r e s  and a l t i t u d e s  .of t h e  clouds o f  var ious l e v e l s .  

The devia t ions  of t he  content  o f  t he  absorbing components of the  atmos- 
phere and the s t r a t i f i c a t i o n  o f  a i r  temperature i n  each s p e c i f i c  case,  from 
the  mean values  used i n  t h e  work, w i l l  p r a c t i c a l l y  have no s u b s t a n t i a l  i n -  
f luence  on the  values  of t h e  ca l cu la t ed  c o n t r a s t ,  s i n c e  they have p r a c t i c a l l y  
no in f luence  whatever on t h e  flows o f  the outgoing r a d i a t i o n  i n  a c loudless  
atmosphere and i n  the  presence of  clouds.  Moreover, the  p r i n c i p a l  con t r ibu t ion  
t o  t h e  ove r -a l l  flow o f  outgoing r a d i a t i o n  i n  the  reg ion  o f  the  t ransparency 
windows of  t h e  atmosphere i s  made by the  r a d i a t i n g  s u r f a c e  ( the  e a r t h  o r  t he  
cloud) [ 4 ,  71. Therefore  the  p r i n c i p a l  dev ia t ions  o f  t h e  r a d i a t i o n  c o n t r a s t s  
from t h e i r  mean values  may o r i g i n a t e  due t o  t h e  corresponding devia t ions  o f  
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t h e  t r u e  temperatures o f  t h e  r a d i a t i n g  s u r f a c e s .  
p r o b a b i l i t i e s  of  such dev ia t ions  are represented  i n  Figure 1. 

The ca l cu la t ed  values  of  

F i g u r e  1 .  Probab i l i t y  of D i s t r ibu t ion  of Deviations B e t w e e n  t h e  Values of the  
Radiation Temperature Cont ras t s  of t h e  Cloudiness Against  the Background of 
t h e  Underlying Surface from t h e  Mean Long-Term Values i n  Winter ( 1 )  and Summer  
( 2 ) .  a ,  Lower Level Cloudiness;  b ,  M i d d l e  Layer Cloudiness.  

I n  t h e  clouds o f  t h e  lower l e v e l ,  as we can s e e  from the curves,  the maxi- 
mum of  p r o b a b i l i t y  o f  dev ia t ions  of  t h e  temperature c o n t r a s t  from the  mean 

AT-AT; i s  expressed more sha rp ly  than  wi thc louds  of  t h e  lower leve l .  Dur- 
i n g  the  win te r  season the  clouds o f  t he  lower level  have i n s i g n i f i c a n t  devia- 
t i o n s  o f  t he  values  o f  r a d i a t i o n  c o n t r a s t  from the  mean va lues .  
the  values  o f  devia t ions  wi th  an approximately 30% p r o b a b i l i t y  are included i n  

In  general  
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t he  0 ,  -3°C range.  
dev ia t ion  values  are included i n  the  0 ,  -6' range.  

I n  t h e  summer season with an about 50% p r o b a b i l i t y  the  

4,36 
6,40 

4,4 
4 ,3  

0,8 

4,44 
3,08 

4,17 
,4,3 

The p r o b a b i l i t y  curve o f  t he  dev ia t ion  from t h e  mean va lue  f o r  t he  clouds 
o f  t h e  middle l e v e l  has  a smoother shape.  With a p r o b a b i l i t y  o f  about 70% w e  
observe the  values  of dev ia t ions  i n  t h e  range between +6,  - 6 O ,  p r a c t i c a l l y  
independently o f  t he  season .  

5,30 
5,66 

3 ,7  
3,7 

3,72.3,64 
4,76 

4,40 
3,68 

3,12 
4,8 

The guaranteed va lue  of t h e  mean long-term c o n t r a s t  values  f o r  t he  upper 
l e v e l  c loudiness  was no t  ca l cu la t ed  because o f  t he  small number of  observa,- 
t i o n s  . 

Khar 'kov  

Vo 1 gog r a d  
-. 

-. . 

To cha rac t e r i ze  t h e  values  o f  con t r a s t  dev ia t ions  of t he  r a d i a t i o n  temp- 
e r a t u r e s  i n  each s p e c i f i c  case from the  average va lues ,  and a l s o  t o  cha rac t e r -  
i z e  the  d i f f e rences  o f  t h e  s p e c i f i c  c o n t r a s t  from one another ,  w e  g ive  t h e  
values  of t he  r o o t  mean square  devia t ions  o f  c o n t r a s t  between temperatures o f  /69 
t he  t e r r e s t r i a l  s u r f a c e  and the  upper boundary o f  t he  cloudiness  f o r  c e r t a i n  - 
regions of  t he  USSR (Table 1 ) .  

6 ,7  
7,02 

6,2 
6 , 6  

TABLE 1 .  VALUES OF THE ROOT MEAN SQUARE DEVIATIONS 6 OF THE TEMPERATURE CON- 
TRASTS OF CLOUDINESS AND TERRESTRIAL SURFACE FOR EACH MONTH DURING DAYLIGHT 
(FIRST LINE) 

P o i n t  ! 

.~ Minsk 

Sve r d  1 ovs k 

Aktyub i n s k  

Khar ' kov 

Vol gograd 

I-. 

-- - .  . -  

-. 

- 

AND NIGHTTIME (SECOND LINE). 

4,44 
4,7E 

3,61 
4,2C 

7,09 
4,72 

4 ,4  
3,42 

4,Ol 

.. . 

4,19 

! -  . -  M insk 
- 
Sverd lovsk  I 6,72 

, 7 , 2  
I L 

I 1  

4,61 
5,38 

5 ,8  
4 ,6  

3,71 
3,72 

4,74 
4,13 

4,2 
3,4 

5.6 

6,07 
6,16 
. -  

4,7 
4.0 

3 ,7  
5 ,9  

5,51 
4,1 

4,7 
5,4 

T r .  Note: Commas i n d  
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6,71 
6,32 

6,65 
I 

4,2 

4,36 

8,25 
5 , 3  

7,81 
6,86 

8 ,8  
5 , 4  

3,96 

5,75 

. 
- 

I I , 7  

- 
- . 
Midd le  Leve l  

7,26 6 , 9  8,98 11 , l  
6,31 6,06 6,21 7,08 

5 , 6  5 , 6  
10,OG - 5,Ol 5 ,6  

- - 

10,4 9,45 10,7 11,2 
5,91 5,92 6,76 5,75 

8 , s  7 ,7  8 , 5  13,8 
6 ,4  5 ,7  5 , 5  5 , 5  

c a t e  decimal p o i n t s  

6,16 
6,02 

6,64 

4,5 

13.7 
5 , 7  

7 ,9  

9,71 

- 

- 

8,62 5,83 
5,26 5,29 

5 , 9  4,8 
4,6 3 , 7  

- 8,64 
8 , 5  5,27 

3 , 3  7,6 
5,09 4,41 

. . .. . .__. 

- _  
- - 

I 

8,12 

6,38 
7,85 

5 , 5  

- 
4,4  

6,02 
11,6 

- 
5 , 3  

5,2C 
5,81 

6 , 2  
5,48 

4 , 3  

6,19 

6,5 
6 ,6  

- 

10,4 

x 1 X I  1 X I 1  

4,9c 
3,87 

5,o 
3 , 2  

6 , 4  
5,23 

6,7 
4,39 

5 , 8  

. 

6,27 

5,56 
5,oo 

5,9 
5,08 

;,9 
; ,2  

j,G7 
;,46 

3 , O  
i ,2  

5,66 
6,08 

7,25 
6,78 

- 
6,9 

7 ,4  

6 ,9  
6 ,8  

7,32 

6.78 

6.98 

5,74 

5 , 5  

7 ,1  
6 , 5  

6,87 
8,15 

9,9 
10,01 



a =  - / (n  - 4Ti)2 
n 

where 

d i f f e r e n c e  between te and t 

i s  t h e  mean monthly va lue  o f  t he  con t r a s t  (t: - t:,), ATi is  the  

i n  each s p e c i f i c  case.  c l  

The 0 values  both f o r  t he  day and f o r  t h e  n i g h t  i n  t h e  annual v a r i a t i o n s  
have the  maximum values  i n  t h e  summertime, the  minimum i n  win te r .  The annual 
v a r i a t i o n s  o f  0 during t h e  day i s  expressed b e t t e r  than a t  n i g h t .  In  t h i s  
case during t h e  win ter t ime t h e  g r e a t e r  values  o f  0 are observed during t h e  
n ight t ime.  Thus, the  mean long-term r a d i a t i o n  c o n t r a s t  values  may b e  used f o r  
i n t e r p r e t a t i o n  of  t h e  i n f r a r e d  measurements from s a t e l l i t e s ,  s i n c e  t h e  most 
probable  values  o f  dev ia t ions  i n  each s p e c i f i c  case a r e  included wi th in  the 
+ 3 O  range. Only f o r  t he  cloudiness  o f  t he  middle layer do w e  observe a some- 
what l a r g e r  values  o f  d e v i a t i o n s ,  reaching +6". Taking i n t o  account t h e  
e r r o r s  of  the  modern weather s a t e l l i t e  equipment, t h e  c o n t r a s t s ,  having devia-  
t i o n s  o f  +6" from t h e  average, may be  used i n  the  i n t e r p r e t a t i o n  o f  the  values  
m e  as ured . 
2 .  E f fec t  of Various Factors  on t h e  Values of Radiation Temperature Contrasts  

a. Degree of bZackness of the underZying surface. The s tudy  of  t he  
n a t u r a l  underlying s u r f a c e s  o f  the  e a r t h ,  as i t  has been shown i n  a number o f  
works [ l ,  2 ,  7 ,  81, d i f f e r s  from the  s tudy  of  t he  abso lu te ly  b lack  body. In  
the  c a l c u l a t i o n  of  t h e  probable  values  of  t he  c o n t r a s t s ,  t h e  r a d i a t i o n  of  t he  
underlying sur face  was assumed by us  t o  be  the r a d i a t i o n  of  an abso lu te ly  b lack  
body. Therefore the  ques t ion  a r i s e s  on the  e r r o r  r e s u l t i n g  from t h i s  assump- 
t i o n .  Possessing d a t a  on the  s p e c t r a l  v a r i a t i o n s  of t he  r a d i a t i o n  coe f f i c i en t s  

cover,  d e s e r t  [ l o ] ,  and us ing  t h e  s o l u t i o n  of  the  t r a n s f e r  equat ion i n  the  
fol lowing form: 

o f  var ious types of  n a t u r a l  s u r f a c e s ,  such as water ,  s o i l  wi th  a vege ta t ion  /70 

where is  the  c o e f f i c i e n t  of  r a d i a t i o n  of the  s u r f a c e  f o r  t he  A X  wavelength 

range Y 'A), ' 
underlying s u r f a c e ,  P A X  i s  the  func t ion  o f  t ransmission i n  the s p e c t r a l  region 

of A x ,  w i s  the  t o t a l  water vapor content  i n  the  atmosphere l a y e r ,  EX(T)  i s  

t h e  r a d i a t i o n  of  t he  abso lu te ly  b lack  body with the  T temperature ,  Te i s  the  

temperature o f  t h e  t e r r e s t r i a l  s u r f a c e ,  T .  i s  the mean temperature  o f  the i - t h  

l a y e r  o f  t he  atmosphere, AiPAX = P ( W ~ - ~ )  - P(wi). 

i s  the  coun te r - r ad ia t ion  of  the  atmosphere a t  the  l e v e l  of the  

- 
1 

81 



We c a r r i e d  o u t  c a l c u l a t i o n s ,  as the  r e s u l t  of which w e  ob ta ined  the  
values  of  t h e  r a d i a t i o n  Temperature c o n t r a s t s  of t he  clouds a g a i n s t  t he  back- 
ground o f  t h e  underlying s u r f a c e  wi th  var ious  r a d i a t i n g  c a p a c i t i e s  t he reo f .  
The i n i t i a l  d a t a  r equ i r ed  f o r  t h e  c a l c u l a t i o n s  were taken according t o  the  
model o f  t h e  s t anda rd  atmosphere ARDC-1959. 

CM2 s t e r  
to rad 

A t o  

In  Table 2 w e  p r e s e n t  the  values  of  t he  d i f f e rences  o f  t h e  r a d i a t i o n  
temperatures a t  t h e  l e v e l  o f  t h e  upper boundary of t h e  atmosphere f o r  an abso- 
l u t e l y  b lack  s u r f a c e  t ak ing  i n t o  account t h e  a c t u a l  s p e c t r a l  v a r i a t i o n s  of  
t he  r a d i a t i n g  c a p a c i t i e s  f o r  c e r t a i n  types o f  n a t u r a l  s u r f a c e s .  These d i f f e r -  
ences A t  cha rac t e r i ze  t h e  e r r o r s  o f  determinat ion o f  the c o n t r a s t  o f  clouds 
aga ins t  t h e  background o f  t h e  t e r r e s t r i a l  s u r f a c e ,  a r i s i n g  when we do not  take 
i n t o  account t he  r a d i a t i n g  p r o p e r t i e s  o f  t he  n a t u r a l  su r f aces .  

T A B L E  2 .  E R R O R S  A t  OF THE VALUES OF R A D I A T I O N  TEMPERATURE CONTRAST OF C L O U D S  
AGAINST THE B A C K G R O U N D  OF THE TERRESTRIAL S U R F A C E  T H R O U G H  F A I L U R E  TO ALLOW FOR 
THE R A D I A T I N G  PROPERTIES OF THE NATURAL SURFACES. 

Spectral  
Range 

P 

3,5-4,0 

4,5-5,0 

8,O-13,O 

I 

Type  of Surface 
I - - - - i -  

12,6 

12,o 

2,o 

58,3 

10,5 

1 ,o  

3371,5 

6,5 

3,o 

10,4 

8 , 5  

5,5 

55,8 

9,o 

2 ,5  

3151,6 

3,o  

6 , 5  

13,4 

13,5 

0 , 5  

60,7 

11,o 

0 ,5  

3489,l 

8 ,5  

1 ,o  

- __ 

13,7 

14,O 

61,5 

11,5 

3555,O 

9.5 

Remarks: Designated i n  the  Table:  1 ,  Soi l  w i t h  Vegetation Cover; 2 ,  Desert; 
3 ,  Sloping Sandy Shore; 4 ,  Water; 5 ,  Absolutely Black Body. 
T r .  Note: Commas ind ica t e  decimal po in ts .  

As we can s e e  from Table 2 ,  such n a t u r a l  su r f aces  as s o i l  with a vegeta- /71 - 
t i o n  cover,  d e s e r t  and water i n  comparison wi th  the  abso lu te ly  b lack  body y i e l d  
a r a d i a t i o n  temperature  which a s  a r u l e  i s  0.5-3OC t o o  low. A more s u b s t a n t i a l  
e r r o r  i s  obtained f o r  t he  s lop ing  sandy shore  (up t o  6.5" i n  t h e  8.1-13.0 1-1 
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r eg ion ) .  Accordingly t h e  values  of  the  c o n t r a s t s  o f  r a d i a t i o n  temperatures 
of  clouds of  t h e  lower l e v e l  and the clouds o f  t h e  v e r t i c a l  development, the  
r a d i a t i o n s  of which were assumed t o  be abso lu te ly  b l ack ,  upon allowance f o r  
t h e  r a d i a t i n g  p r o p e r t i e s  of t h e  underlying s u r f a c e  w i l l  be decreased by t h e  
values  o f  the  e r r o r s  presented  i n  Table 2 .  

For c louds,  possess ing  a s p e c i f i c  degree o f  IR-rad ia t ion  t ransmission 
(middle and upper l e v e l )  d i f f e rences  i n  the  c o n t r a s t  values  w i l l  b e  subs tan-  
t i a l l y  less. 

Thus, the r e l a t i v e l y  small values o f  t he  e r r o r s  (0.5-3.0") f o r  such s u r -  
faces  as d e s e r t ,  s o i l  wi th  vege tab le  cover and water, make it p o s s i b l e  f o r  
t h e  i n t e r p r e t a t i o n  of  the  IR-data from s a t e l l i t e s  t o  use the  p reca lcu la t ed  
probable  values  o f  c o n t r a s t s  of  clouds aga ins t  t h e  background of  an abso lu te ly  
b lack  underlying s u r f a c e .  This i s  a l l  the more s u b s t a n t i a t e d ,  because t h e  
values  of  t he  e r r o r s  l i e  wi th in  the  bounds o f  the  accuracy o f  measurements 
corresponding t o  t h e  p r e s e n t  s a t e l l i t e  i n f r a r e d  equipment [SI. 

b .  Amount of cloudiness. Let us go on t o  the examination of t h e  effect  
o f  the  amount o f  c loudiness  on the  values of r a d i a t i o n  con t r a s t  o f  t h e  clouds 
aga ins t  the  background o f  t he  t e r r e s t r i a l  s u r f a c e .  

In  d e t e c t i n g  cloudiness  a t  n igh t  t i m e  from the  s a t e l l i t e  according t o  t h e  
outgoing r a d i a t i o n  d a t a  i n  a number of  cases we can a c t u a l l y  observe not  t he  
s o l i d  cloud massifs b u t  regions wi th  p a r t i a l  c loudiness .  In  t h i s  connection 
the  process  o f  i n t e r p r e t a t i o n  o f  measurement d a t a  i s  rendered more complicated.  
Moreover , t h e  measuring equipment o f  t he  s a t e l l i t e  possesses  a c e r t a i n  th ree -  
dimensional r e s o l u t i o n .  Therefore  i t  i s  p r a c t i c a l l y  impossible  t o  d e t e c t  p a r -  
t i a l  c loudiness  when the  dimensions o f  the  n u c l e i  are smaller than the  r e so lu -  
t i o n  o f  the  equipment. However, p a r t i a l  c loudiness  a f f e c t s  the readings o f  
the  radiometers , reducing the  r a d i a t i o n  temperature o f  the e a r t h ' s  s u r f a c e .  
L e t  us give the  ca l cu la t ed  values  of  the  i n t e n s i t y  o f  outgoing r a d i a t i o n  i n  t h e  
atmosphere's  t ransparency window wi th  clouds of  var ious  l e v e l s  , d i f f e r e n t  de- 
gree  of  c loudiness ,  and a l s o  the  corresponding values  of t he  r a d i a t i o n  temp- 
e r a t u r e  c o n t r a s t  o f  t h e  clouds aga ins t  the background o f  t he  underlying s u r -  
f ace .  (Table 3 ) .  

As we can s e e  from Table 3 ,  t he  r a d i a t i o n  temperature c o n t r a s t  (according 
t o  t h e  absolu te  value)  decreases  s u b s t a n t i a l l y  wi th  the  decrease of  t he  amount 
o f  c loudiness  i n  t h e  area o f  t h e  rad iometer ' s  f i e l d  of v i s i o n .  Moreover, t h e  
d i f f e r e n t  amount o f  clouds o f  var ious  l e v e l s  provides  condi t ions  f o r  an out -  
going r a d i a t i o n  i n t e n s i t y  similar wi th  r e spec t  t o  va lue .  Thus, f o r  example, 
i n  the  region of  Leningrad i n  J u l y ,  7 p o i n t s  o f  c loudiness  o f  the  lower l e v e l  
c r e a t e  the  same r a d i a t i o n  i n t e n s i t y  as 4 p o i n t s  o f  t he  middle l e v e l  and 6 
p o i n t s  of  t h e  upper l e v e l .  

S imi l a r  r e l a t i o n s h i p s  are noted a l s o  i n  the  r a d i a t i o n  temperature c o n t r a s t  
values  o f  the  clouds aga ins t  t h e  t e r r e s t r i a l  s u r f a c e  background. In connection 
with t h i s  the  i n t e r p r e t a t i o n  o f  d a t a  of  outgoing r a d i a t i o n  measurements i n  t h e  
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presence of clouds wi th  breaks  without  employment o f  add i t iona l  information 
may prove erroneous.  As add i t iona l  materials i n  t h e  i n t e r p r e t a t i o n  w e  may 
use ,  f o r  example, t he  va lues  o f  t he  p r o b a b i l i t y  o f  d i s t r i b u t i o n  o f  amounts of 
c loudiness  above t h e  given t e r r i t o r y .  

Ashkhabad 

T A B L E  3 .  EFFECT O F  THE AMOUNT OF CLOUDINESS ON THE VALUE OF THE OUTGOING 
R A D I A T I O N  FLOWS I AND CONTRAST OF R A D I A T I O N  TEMPERATURES AT OF THE CLOUDINESS 
A G A I N S T  THE BACKGROUND OF THE UNDERLYING SURFACE. (8.0-13.0 11) 

Y akutsk 

1 

10 
8 
6 
4 
2 
0 

10 
8 
6 
4 
2 

I microwatt/ ' C M ~  s t e r  2280 
2310 
2340 
2370 
2400 
2430 

3 , O  
2,5 
2 , O  
1 , 5  
0 , 5  

ATo 

- 3060 
- 3144 
- 3228 
- 3312 
- 3396 
- 3480 

I microwatt/'c"2 s - e r  

ATQ 

2940 3070 
3048 3152 
3156 3234 
3264 3316 
3372 3392 
3480 3480 

L e n  i ngrad 

10 
8 
6 
4 
2 
0 

10 
8 
6 
4 
2 0  

2950 
3048 
3146 
3244 
3342 
3440 

7,O 
5 ,5  
3,5 
1,7 

2060 
2134 
2208 
2282 
2356 
2430 

8,O 
6,5 
4,5 
3,o 
1 , 5  

2850 
2968 
3086 
3204 
3322 
3440 

9 ,5  
7,o 
4 , 5  
2 ,5  
0 , 5  

- 
- 
- 
- 
- 

r 

7,O 9 , 3  7,O 
7,O 8,O 6,O 
4,O 5,5  4 , 5  
3 , O  4,O 3,O 
1 , 5  2,O 2,O 

January 

2170 
2222 
2274 
2326 
2378 
2430 

6 , 5  
4 ,5  
4,2 
2,O 
1 ,o  

l u l y  

3050 
3128 
3206 
3284 
3362 

6,O 
3,8 
2 , 3  
1 ,o 
0,2 

2620 
2664 
2708 
2752 
2796 
2840 

3,7 
2,2 
1,2  
0.7 
0 , 2  

3540 
3666 
3792 
3918 
4044 
4170 

9 , 5  
7 , 5  
5 , 5  
3,o 
1 ,o 

241C 
2496 
2582 
2668 
2754 
284C 

8,O 
5 ,2  
3,7 
1 , 7  
0 ,7  

3490 
3626 
3762 
3898 
4034 
4170 

10,5 
6,O 
4,o 
2 , o  
0,o 

T r .  Note: Commas ind ica t e  decimal points. 

I 

-. I .. I 

2760 
2776 
2792 
2808 
2824 
2840 

1650 I 1544 
1438 
1332 
1226 
1120 

1330 
1288 
1246 
1204 
1162 
1120 

-6,5 -4,5 

I 
al 
Q 
Q 
3 

c .  Sighting angle .  
r a d i a t i o n  f luxes  i n  t h e  atmospheric t ransparency windows and the corresponding 
r a d i a t i o n  c o n t r a s t  o f  clouds aga ins t  the background o f  the  underlying su r face  
on t h e  s i g h t i n g  angle .  The angular  dependence of the  values  o f  outgoing r a d i a -  
t i o n  f o r  var ious  s e c t o r s  of t he  spectrum and f o r  var ious  models o f  t h e  atmos- 
phere  was ca l cu la t ed  by many authors  [7 ] .  I n  t h i s  connection i t  i s  i n t e r e s t i r g  

Let us now examine the  dependence o f  the i n f r a r e d  
E 
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t o  eva lua te  the  inf luence  o f  dev ia t ion  o f  s i g h t i n g  from the  normal on t h e  ca l -  
cu la ted  probable  values  o f  r a d i a t i o n  c o n t r a s t  o f  clouds aga ins t  t he  background 
o f  t he  t e r r e s t r i a l  s u r f a c e ,  s i n c e  f o r  de t ec t ion  of c loudiness  from the  s a t e l -  
l i t e  i n f r a r e d  narrow angle  scanning equipment i s  used (with a s p e c i f i c  s cann iq  
angle) .  As t he  r e s u l t  o f  scanning the  image of  t he  e a r t h  a t  the  edges o f  t h e  
i n f r a r e d  frame i s  obtained a t  a c e r t a i n  angle  t o  the r a d i a t i n g  s u r f a c e .  

We have ca l cu la t ed  t h e  i n t e n s i t y  o f  t h e  outgoing r a d i a t i o n  wi th  a cloud- 
less atmosphere and clouds o f  var ious  l e v e l s  i n  t h e  t ransparency windows of  
t he  atmospheres a t  var ious  s i g h t i n g  angles  ( 0 ,  10,  30, 45, 60, 82O). The m a x -  
i m u m  angle  of the dev ia t ion  o f  t h e  s i g h t i n g  from the  n a d i r  (0') i s  s e l e c t e d  
wi th in  t h e  bounds o f  v i s i b i l i t y  o f  t he  e a r t h  from t h e  5 m i l i b a r  l e v e l  ( t h e  
upper l e v e l  i n  the c a l c u l a t i o n s ) .  We have adopted the  s p h e r i c a l  symmetry of 
t h e  v e r t i c a l  d i s t r i b u t i o n s  of  temperature and air p res su re ,  and a l s o  o f  t h e  
absorbing components i n  the  atmosphere. The s p e c t r a l  c o e f f i c i e n t s  o f  t he  
degree o f  blackness  of  t he  clouds o f  t h e  middle and the upper l a y e r  were as- 
sumed t o  b e  independent o f  t he  angle .  

In  Figure 2 we p r e s e n t  t he  dependence o f  t he  outgoing r a d i a t i o n  i n t e n s i t y  / 7 3  
a t  the  l e v e l  of  the  upper boundary of the atmosphere under d i f f e r e n t  angles  
I with r e spec t  t o  the  i n t e n s i t y  a t  normal s i g h t i n g  I f o r  two t ransparency 

windows. 
e e=o 

I. . .  I . .I__II_L__LL-LL 
20 40 60 808" 

Figure 2.  Re la t ive  Angular D i s t r ibu t ion  of t h e  I n t e n s i t y  of Outgoing Radia- 
t i on  i n  t h e  Atmospheric Transparency Windows of 8.0-13.0 1-1 ( a )  and 3.5-4.0 1-1 
( 6 ) .  
Ashkhabad, J u l y ;  5 ,  Yakutsk, January;  6 ,  K i e v ,  J u l y .  

1 , Leningrad, January;  2 ,  Leningrad, J u l y ;  3 ,  Ashkhabad, January;  4 ,  
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The p r i n c i p a l  family of curves , c h a r a c t e r i z i n g  c e r t a i n  regions of t he  
t e r r i t o r y  of  the  USSR, d e t e c t s  a decrease o f  t h e  values  o f  t h e  i n t e n s i t y  wi th  
the  inc rease  of  t h e  angle  of s i g h t i n g ,  i . e . ,  it i l l u s t r a t e s  t h e  effect  o f  t h e  
"darkening" n e a r e r  t o  t h e  edge o f  t h e  e a r t h .  
during t h e  win te r  p e r i o d  has a r eve r se  course,  i . e .  , it  cha rac t e r i zed  t h e  
"lightening'!  a t  t h e  edge of  t h e  e a r t h .  

The curve f o r  t h e  Yakutsk region 

With the  i n c r e a s e  o f  t h e  s i g h t i n g  ang le  the opti 'cal p a s s  of  tFie ray  i n -  
c r eases ,  i . e .  , t h e  mass o f  t h e  absorbing gas i n c r e a s e s ,  as t h e  r e s u l t  of which 
t h e  con t r ibu t ion  o f  t he  t e r res t r ia l  s u r f a c e  towards the  outgoing r a d i a t i o n  
decreases  and the  con t r ibu t ion  of  t h e  atmosphere r e l a t i v e l y  inc reases .  Since 
usua l ly  the a i r  temperature  i n  t h e  t roposphere drops wi th  a l t i t u d e ,  the  abso- 
l u t e  va lue  o f  t h e  atmospheric r a d i a t i o n  decreases  wi th  the  inc rease  of  t he  
s i g h t i n g  angle .  

The r e s u l t i n g  i n t e n s i t y  o f  t h e  outgoing r a d i a t i o n ,  as a r u l e ,  a l s o  de- 
c reases .  But i n  the  presence o f  s u f f i c i e n t l y  powerful temperature invers ions  
i n  the  atmosphere (as  i t  takes  p l a c e  i n  Yakutsk i n  the  win te r )  with appreciable 
s i g h t i n g  angles t h e  r a d i a t i o n  o f  the  atmosphere inc reases  sha rp ly  aga ins t  t he  
background o f  the  decrease o f  t he  t e r r e s t r i a l  s u r f a c e  r a d i a t i o n ,  which r e s u l t s  
i n  an inc rease  of t h e  r e s u l t i n g  i n t e n s i t y  o f  the  outgoing r a d i a t i o n ,  i . e .  , we 
observe the  e f f e c t  o f  " l igh ten ing"  n e a r e r  t o  the  edge o f  t h e  e a r t h .  

The dependence of  t h e  outgoing r a d i a t i o n  on the  s i g h t i n g  angle i n  t h e  
3.5-4.0 1-1 reg ion  i s  s u b s t a n t i a l l y  smaller than i n  the  8.0-13.0 p reg ion .  

In  Figure 3 we p r e s e n t  t he  angular  dependence of  t he  r a d i a t i o n  temperature /74 
con t ra s t  values  o f  t he  clouds o f  the  lower l e v e l .  We observe a considerable  
decrease of t h e  c o n t r a s t  (up t o  7") o r  t h e  inc rease  during t h e  invers ion  up 
t o  6" upon the  inc rease  of t h e  angle from 0" t o  82' i n  t he  8.0-13.0 IJ window. 

- 

In  a l l  the  cases  the  ca l cu la t ions  e x h i b i t  a smal le r  angular  dependence i n  
the  win te r  time and a somewhat g r e a t e r  i n  the  summer. 

In  the  c o n t r a s t  values  i n  comparison wi th  the  r a d i a t i o n  i n t e n s i t i e s  i t  i s  
s t i l l  more n o t i c e a b l e ,  t h a t  t he  angular  dependence i n  the  3.5-4.0 1-1 range is 
s u b s t a n t i a l l y  smaller than i n  the  8.0-13.0 p range.  

Thus, t h e  3.5-4.0 LI t ransparency window from the  p o i n t  o f  view examined 
is  more advantageous when. scanning equipment i s  used f o r  de t ec t ing  cloudiness  
during n ight t ime.  

The r e s u l t s  of  t he  calculat i .ons show that i n  i n t e r p r e t i n g  IR-data of  
meteorological  s a t e l l i t e s ,  e s p e c i a l l y  i n  t h e  8.0-13.0 1-1 reg ion ,  we should t ake  
i n t o  account the  angular  dependence of  temperature c o n t r a s t s  f o r  s i g h t i n g  
angles  g r e a t e r  than 60-65". 

Thus, f o r  i n f r a r e d  scanning equipment, i n s t a l l e d  on Sovie t  weather s a t e l -  
l i t e s ,  where t h e  maximum angle  o f  dev ia t ion  from the  n a d i r  amounts t o  45" ,  t h e  
maximum e r r o r s  i n  t h e  c o n t r a s t  values  r e s u l t i n g  from the  angle  o f  s i g h t i n g  are 
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with in  the  bounds o f  +1 t o  -2'. A t  the same time f o r  t he  s a t e l l i t e  ac t ino -  
me t r i c  equipment, i n  which t h e  working scanning angle amounts t o  about 7 8 " ,  
t h e  e r r o r s  a t  t he  edges o f  t h e  scanning region a t t a i n  + 4 ,  -6". Therefore ,  t he  
abso lu te  values  o f  the  i n t e n s i t i e s  ( o r  r a d i a t i o n  temperatures) with scanning 
angles g r e a t e r  than 6 0 " ,  w i l l  be  s u b s t a n t i a l l y  d i s t o r t e d  and i n  t h e  i n t e r p r e t -  
a t i o n  should b e  examined wi th  an allowance f o r  t he  corresponding co r rec t ions .  

/ 

Figure 3 .  Angular D e p e n d e n c e  of t h e  Radiation Temperature Contrast  o f  t h e  
Cioudiness o f  t h e  Lower Level Against t h e  Background o f  t h e  Underlying Surface 
i n  8.0-13.0 p Atmospheric Transparency Windows ( a )  and 3.5-4.0 p Windows ( 6 ) .  
T h e  Symbols a r e  t h e  same as  i n  Figure 2 .  

d .  Spectra2 Characte2t.istics of t he  M e a s h n g  Equipment. The i n f r a r e d  
scanning equipment enables  us t o  ca r ry  out  measurements of  t h e  outgoing r ad ia -  
t i o n  i n  s p e c i f i c  s e c t o r s  o f  t he  spectrum, which i s  a t t a i n e d  by the  use of  
f i l t e r s  and bolometers wi th  the  requi red  l i m i t s  o f  t ransmission and s p e c t r a l  
s e n s i t i v i t y .  I n  connection wi th  t h e  f a c t  t h a t  the  values  o f  the  s p e c t r a l  
t ransmission o f  t h e  T system f i l t e r - b o l o m e t e r  w i th in  the  bounds o f  the  spec-  

t r a l  s e n s i t i v i t y  depends s u b s t a n t i a l l y  on the  wavelength, the  s p e c t r a l  composi- 
t i o n  o f  t h e  r a d i a t i o n  reaching t h e  instrument  undergoes s u b s t a n t i a l  changes i n  
i t .  A s  t he  r e s u l t  o f  t h i s ,  t he  values  of  the  i n t e g r a l  i n t e n s i t i e s  o f  the ou t -  
going r a d i a t i o n ,  ob ta ined  according t o  the  measurements from the  weather sa te l -  
l i t e s ,  w i l l  d i f f e r  from the  a c t u a l l y  observed o r  ca l cu la t ed  ones f o r  t h e  upper 
boundary o f  t he  atmosphere. The p o s s i b l e  e f f e c t s  o f  t he  s p e c t r a l  c h a r a c t e r i s -  
t i c s  o f  t h e  equipment on the  measurement r e s u l t s  s h a l l  b e  eva lua ted  wi th  an 
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example o f  two s p e c i f i c  v a r i a t i o n s  o f  ins t ruments ,  i n s t a l l e d  on Sov ie t  weather 
sa te l l i t es .  

-12,O -12,5 

-18.7 -20,O 

-42,2 -43,O 
-29,O-29.0-26,9 
-36,5 -37,O 

15,O 16,O 

The s p e c t r a l  t ransmiss ion  of one of  t h e  instruments  encompasses a spec- 
trum range o f  7.0-12.0 1-1. The t ransmission curves of the system i s  character-  
i z e d  by t h e  maximum t ransmiss ion  o f  60% a t  t h e  wavelength o f  about 10.0 p. 
The ca l cu la t ions  performed (Table 4) i n d i c a t e  t h a t  the  f i l t e r -bo lomete r  system 
decreases  approximately by two times t h e  va lue  o f  t he  i n t e n s i t y  o f  r a d i a t i o n  
I ,  a r r i v i n g  a t  the  inpu t  of the instrument .  With nega t ive  temperatures o f  t he  
r a d i a t i n g  s u r f a c e  the  equipment underest imates  the  e f f e c t i v e  temperatures by 
0.5-1.3O, whereas wi th  p o s i t i v e  temperatures i t  overes t imates  t h e  temperatures 
by 1.0" on the  average. 

-7,7 -10,5 
-15,8-15,O-11,3-13,5 

-23,l -18,5 

-44,7 4 , 5  
-28,5 

-32,O -37,8 

23,4 19,O 

For another  instrument  the  t ransmiss ion  o f  r a d i a t i o n  i n  the  8.0-13.0 p 
with a maximum o f  about 8 . 7  p i s  c h a r a c t e r i s t i c .  The s p e c t r a l  c h a r a c t e r i s t i c s  
o f  t he  f i l t e r - b o l o m e t e r  system change the  e f f e c t i v e  temperature  by 0 . 5 - 0 . 7 ' .  

T A B L E  4 .  EFFECT OF THE SPECTRAL TRANSMISSION T OF THE F I L T E R - B O L O M E T E R  SYS- 
TEM ON THE VALUE OF THE TEMPERATURES M E A S U R E D  'BY THE R A D I A T I O N  METHOD.  

Sys t em I .  Spectral  S e n s i t i v i t y  (7-12 p )  

L e n  i ng  rad 

Yakutsk 

Ashkhabad 

L e n  i ng rad 

I 

I 

VI I 

Clear 
Lowe r 
M i d d l e  
Clear 
Lower 
M i d d l e  

Clear 

2177 
2047 
1864 

1044 
1484 
1209 

3807 

854 
800 
716 

380 
,564 
453 

1534 

S y s t e m  I I .  Spect ra l  S e n s i t i v i t y  (8-13 p) 

Tr. Note: Commas ind ica t e  decimal po in t s  

Since the  s e n s i t i v i t y  o f  bo th  the  f i rs t  instrument  and ;he second one a r e  
s u b s t a n t i a l l y  lower than the  above mentioned e r r o r s  r e s u l t i n g  from t h e  spec t -  
ral  c h a r a c t e r i s t i c s  o f  the  system, i n  a c t u a l  p r a c t i c e  they may b e  disregarded.  
However, wi th  d i f f e r e n t  comparison of t he  c a l c u l a t i o n  d a t a  wi th  t h e  r e s u l t s  
of measurements by means of the  corresponding s a t e l l i t e  equipment we should 
coordinate  wi th  s u f f i c i e n t  accuracy the s p e c t r a l  ranges of  both ones and t h e  
o the r s .  In  the  oppos i te  case e r r o r s  may o r i g i n a t e  which are s u b s t a n t i a l  f o r  
c e r t a i n  problems. Thus, i f  the  measurement r e s u l t s  by means of  t he  f irst  
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instrument (Table 4, range 7.0-12.0 11) are compared wi th  t h e  d a t a  of ca l cu la -  
t i o n s  i n  the  8.0-13.0 11 range,  t he  e r r o r s  o r i g i n a t i n g  i n  t h e  e f f e c t i v e  temp- 
e r a t u r e  range 3.0" t o  3.5O. 

/76 

In  Table 4 w e  have used the  fo l lowing  symbols: 

I i s  the  i n t e n s i t y  o f  t h e  outgoing r a d i a t i o n  (microwatts/cm2ster.)  i n  
the  7-12 IJ and 8-13 IJ range; 

i s  the  r a d i a t i o n  temperature i n  the upper boundary o f  the  t i a d  
atmosphere corresponding t o  the  i n t e n s i t y  o f  t he  outgoing r a d i a t i o n ;  

t; i s  the  r a d i a t i o n  temperature  tak ing  i n t o  account t h e  s p e c t r a l  

t ransmission o f  t he  f i l t e r - b o l o m e t e r  system; 

ti-13 is  the  r a d i a t i o n  temperature a t  the  upper boundary o f  t he  a t -  

mosphere i n  the  8-13 1 ~ -  range; 

t h e  a c t u a l  temperature o f  t he  r a d i a t i n g  s u r f a c e .  t i r u e  

3 .  Correct ions t o  t h e  Temperature of  t h e  Underlying Surface and Clouds, 
Measured by t h e  Radiation Method 

In determining the  temperature of  t he  r a d i a t i n g  s u r f a c e  from s a t e l l i t e s  
a s u b s t a n t i a l  r o l e  i s  played by allowance f o r  the  e r r o r s ,  introduced by the  
t ransformation of r a d i a t i o n  i n  the  atmosphere. The eva lua t ions  of such e r r o r s ,  
caused by the  absorpt ion of  r a d i a t i o n ,  are given i n  work [6] f o r  the  underlying 
su r face  and the  upper boundary of t h e  clouds of  t h e  lower l e v e l ,  the  r a d i a t i o n  
of which w a s  considered t o  be  abso lu te ly  b l ack .  The values  o f  the  e r r o r s  a r e  
determined as the  averages f o r  t he  day and the  n i g h t .  The eva lua t ion  o f  the  
e r r o r  i n  determinat ion of  t h e  temperature by the r a d i a t i o n  method f o r  c louds,  
which possess  a c e r t a i n  r a d i a t i o n  t ransmission i s  c e r t a i n l y  i n t e r e s t i n g .  We 
have performed the c a l c u l a t i o n s  o f  the flows o f  outgoing r a d i a t i o n  and r ad ia -  
t i o n  temperatures a t  the  l e v e l  o f  t h e  upper boundary o f  the  atmosphere a t  
night t ime f o r  c e r t a i n  regions o f  t he  USSR and found the  requi red  e r r o r s .  The 
r e s u l t s  are given i n  Figures  4-5  ( recur rence  curves) and i n  Table 5 .  

The smallest e r r o r s  i n  determinat ion of  the  temperatures o f  the underlying - /79 
sur faces  and lower l e v e l  c loudiness  occur  i n  t h e  3.5-4.0 IJ t ransparency  window: 
i n  50-60% of  the  cases  we note  an e r r o r  w i th in  the  l i m i t s  o f  0-1.5". A t  tIie 
same t i m e  i n  the  8.0-13.0 p region t h e  most probable  e r r o r  amounts t o  3-4" a t  
n igh t  . 

For the  middle l e v e l  c loudiness ,  which has  a c e r t a i n  transmissi .on,  the 
most probable  e r r o r s  i n  determinat ion o f  t h e  temperature i n  the 3.5-4.0 p trans- 
parency window reach 8" i n  the  4.5-5.0 p window they  amount t o  - 6 O ,  and i n  t h e  
8.0-13.0 window they decrease t o  -3, -4". In  this way i n  the  8.0-13.0 1-1 
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t ransparency window t l i e  e r r o r s  w i l l  b e  t h e  s m a l l e s t ,  which i s  caused by t h e  
non-blackness of t h e  " t ransparen t "  c louds i n  t h e  d e t e r m i n a t i o n  of t h e i r  temp- 
e r a t u r e  by t h e  r a d i a t i o n  method. 

50 

1 
2 
3 

---- ' I  
I ' I  . . . . . . . . 

I '  
I '  

- 

F i g u r e  4 .  P r o b a b i l i t y  o f  D i s t r i -  
b u t i o n  o f  E r r o r s  i n  De te rm ina t ion  o f  
t he  Temperature o f  U n d e r l y i n g  Sur face 
by the R a d i a t i o n  Method a t  N i g h t  
Under a Cloudless Sky i n  Var ious 
Atmospheric Transparency Windows. 
I ,  3.5-4.0 1-1 ; 2,  8.0-13.0 1-1 ; 4.5- 
-5.0 1-1 

- 
. .  

f m 
P o i n t  7 cc 

Under 1 y i ng S u sf ace 

Alma A ta  o,l 087 1,3 0,4 I r k u t s k  
0,6 1,7 4,O 0,9 
2,8 6,2 7,o 5,4 

3,s 5,l 6,4 3,7 . 

0,6 0,7 1 1,2 1,2 
Ashkhabad 0,o 1,0 1,4 0,7 Kiev  I 1,6 1,2 4,2 1,7 

0,s 2,6 3,9 1,7 ' i 5,6 6,2 8,7 6,9 

1 0,6 0,2 1,2 0,4 
~ 

F i g u r e  5. P r o b a b i l i t y  of D i s t r i b u -  
t i o n  o f  E r r o r s  i n  Determin ing the  
Temperature o f  t h e  Upper Boundary of 
t h e  Lower Level  Cloudiness by the  
R a d i a t i o n  Method a t  N i g h t .  The 
Symbols a r e  the  same as i n  F i g u r e  4. 

[Volgograd 0,6 0,8 1,4 1,2 !- 
1,6 1,5 4,8 2,o i 2,9 5,O 7,4 4,9 1 I 

. - .- - . . . -  

Kuybyshev i 1,1 0,5 3,9 1,4 
4,6 4,7 8,4 6,4 

. .  ~- - ~ - - - - .- . _ _  . 
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TABLE 5 (Cont inued) 
AT' ATO 

P o i n t  P o i n t  >. 
S 
7 

c U g 0 
v 
0 

Len i ngrad 

N o v o s i b i r s k  

K iev  

Ku yb y s hev 

Odessa 

Omsk 

Riga 

Sve r d  1 ovs k 

Tbi  1 i s i  

Leningrad 

Novos i b  i r s k  

Odessa 

Omsk 

Riga 

Sverd lovsk 

1.3  
2 , 3  
5,5 

0 , 7  
1 ,4 
4 , 9  

Kha r ' kov 

Khabarovsk 

Y a ku t s  k 

0,6 1 , l  
0,s 3 , 3  
5 .3  7,4 

0,s 1 , 2  
1 , 3  4,2 
4,5 7,6 

0.4 3,1 
3,4 6,6 

-1 ,2 1,1 

T b i l  i s i  

Kha r ' kov 0 , 3  
1 , 3  
7 , 3  

Khaba rovsk  

Y aku t s  k 

Lower Level  Cloudiness 

Alma A t a  0 - 5  
' 1,5 1 3,8 M idd le  Level  Cloudiness 

As hkhabad 

Vo 1 gog rad  
Alma A t a  

Ashkhabad -5,o 
-5,O 
-3 ,2 

I r k u t s k  

T r .  Note: Commas i n d i c a t e  decimal points. 
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P o i n t  

Vo 1 gog rad  

-6,8 
-5,8 
-1,8 

-7,5 
-6,5 
-4,5 

-8,6 
-7,l 
-5,6 
-7,5 
4 , 5  
--5,0 
-7,5 
-6,3 
-4,O 

I r k u t s k  

K iev  -7,2 - 4 5 :  Ashkhabad 
-6,2 -7,O 
-7,2 3 , 0 /  

-8,O -5,5 Kuybyshev 
I 

-7,2 -4,5 
-2,2 -1,o 

-9,7 -8,4 
-8,7 -6,4 

Len ihgrad  

Novos i b i  r s k  -52 -5,4 
-9,7 -8,3 
-8,2 -6,31 
--5,2 -3,8i R i'ga 

-13,O -6,5 
-10,3 -6,2 
-8,3 -4,5 Sverd lovsk  

Kuy by s hev 

-18,0 
-18,0 
-15,3 

-24,2 
-22,7 

-24,4 
-22,8 

Len ingrad 

-29,1 
-28,6 

-21,9 -23,1 
-20,4 -20,8 
-18,4 -17,1 

-25,4 

-25,9-26,O-32,8 -20,6 
-24,5 -30,3 -18,6 
-23,O -27,3 -16,6 
-31,6 -46,6 -21 ,o 
-29,6 -45,1-20,3 
-28,l -41,9-18,3 

-26,6-28,8 -29,7 -26,5 
-27,l -27,9 -24,8 
-25,3 -22,9 -22,O 

Novos ib i r sk  

Odessa 

-7,l 
-6,l 
-4,6 

-7,2 
-6,9 
-4,4 

Riga 

S ve r d  1 ovs k 

Tb i 1.i s i 

-8,6 -7,9 Kha r ' kov 
-8,l -6,4 
-3,3 -4.4 

Y aku tsk  -8,7 -7,3 
-7,9 -6,l 
-2,7 -4,o 

Khar I kov 

-20,2 
-18,2 

Kh ab a rovs k 

-20,7-32,4 
-30,9 
-25,4 

Yakutsk 

-10,l 
-8,l 
-3,9 

-6,9 
-5,4 
-2,7 

- 
S 
m 
7 - 

-3,5 
-2,2 
-0,8 

-0,i 
0,c 
2,; 

-4,i 
-4,; 
-0,5 

-1,'i 
-1 ,: 

1,E 

-5,l 
-3,E 
-1,9 
-1 , E  
-1 ,E 
-6,s 
-5,s 
-3,7 

O,E 
1 ,c 

-8,: 

'-6, E 

-0,4 

-6,E 
-5,l 

-2,s 

0,6 

-8,7 
-7,2 

-3,2 

-3,7 

-1 ;9 
-2,4 
-0,4 

-5,l 

-2,6 

4 ,5  
8 , 8  

-4,4 

5 ,o  

-9,8 -11,7 
-8,l -10,O 
-6,3 -6.2 

-6,3 -8,3 
-4,8 -6,6 
-2,O -3,6 

TABLE 5 (Concluded) 
Ato Ato 

7 
'-3 P o i n t  

- 

Upper Leve l  Cloudiness 

-5,5 -7,5 -2,2 
-5,o -7,o -2,2 
-2,7 1 1  -2,2 3 , 5  

1 1 1 

~~ ___ ~~~ 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s  i n  t h i s  t a b l e .  
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Let us now turn to the analysis of infrared pictures of the underlying 
surface and clouds obtained from the Nimbus-1 and Kosmos-122 satellites. In 
Figure 6, we present an IR-image of the cloudiness obtained from the Nimbus-1 
satellite on 15 September 1964 at about 3 hrs. Moscow Time (258th loop) [ll] . 

The infrared image envelopes a band of the earth about 1.5 thousand km 
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F i g u r e  6a. I n f r a r e d  Image of the 
Under l y ing  Sur face and Cloudiness 
Obtained from the  Nimbus-1 Sa te l  1 i t e  
on 15 September 1964 (Loop No. 258, 
3 Hrs.  Moscow Time).  

F i g u r e  6b. The Synop t i c  S i t u a t i b n  
the  Region Under the  Sa te l  1 i t e .  

o f  
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The cloudiness  reg ion  B is a l s o  connected with a d i s t i n c t l y  expressed 
cyc lon ic i ty .  The ground center o f  t h e  cyclone i s  loca ted  i n  t h e  Nar'yan-Mar 
reg ion .  This cyclone is high and not  very mobile. The c losed  concent r ic  i s o -  
hypses are t r aced  a t  a l l  t he  a l t i t u d e  maps above Nar'yan-Mar, up t o  the  200 
mb l e v e l .  

Above the  regions o f  t h e  Arkhangel'skaya o b l i s k  and Komi ASSR w e  observe 
clouds of a l l  t h r e e  leve ls ,  s i n c e  t h i s  is the  t r a n s i t i o n  zone between the  two 
cyclones descr ibed  ( t h e  Finnish cyclone which i s  the  region o f  c loudiness  A 
and the  Nar'yan-Mar cyclone t h e  reg ion  o f  c loudiness  B) . 
considerable  breaks between the  c loudiness ,  r a i n  is marked by on ly  a s i n g l e  
s t a t i o n .  Very l a rge  breaks i n  t h e  clouds occur  above t h e  Barents Sea.  Open 
water  regions s t and  ou t  wel l  on t h e  IR-pic ture  by t h e i r  darker  tone.  

- /80 

Here, w e  observe 

On the  p i c t u r e  w e  can a l s o  see we l l  a p a r t  o f  t he  Gulf o f  Bothnia, no t  
covered wi th  clouds,  and almost a l l  o f  t he  B a l t i c  Sea a l s o .  

The cloudiness  region C i s  loca ted  over  t he  nor thern  p a r t  o f  Scandinavia 
and Barents Sea.  Over the  coas t  we observe lower l e v e l  clouds of  t he  cumulus 
forms with the  base a l t i t u d e  o f  600 m on t h e  average. 
d i t i o n  t o  clouds of t h e  lower l e v e l ,  we a l s o  no te  altocumulus clouds.  

Above the  s e a ,  i n  ad- 

In  addi t ion  t o  the  t h r e e  regions with the  c h a r a c t e r i s t i c  vor tex  cloudi-  
ness  mentioned ( A ,  B and C) i n  t h e  l e f t  p a r t  o f  t he  p i c t u r e  t h e r e  i s  a s i n g l e  
l a rge  region with very dense cloudiness  D .  Caused by f r o n t a l  d i v i s i o n s  o f  
t he  cyclone, loca ted  over  t he  North Sea.  

The f i e l d  o f  v i s i o n  o f  t h e  IR-instrument included only a small p a r t  of /81 
t h i s  cyclone and the  clouds i n  region D are connected wi th  the  occ lus ion  of  
the  t r o p i c a l  f r o n t ,  t he  w a r m  and cold branches o f  which i n  t h i s  region are 
erroded.  The i n t e n s i f i c a t i o n  o f  t h i s  f r o n t  i s  probably caused by the  r a d i a -  
t i o n  f a c t o r s .  The f r o n t  i s  very we l l  expressed on the  ground synop t i c  map. 
In  the  f r o n t a l  zone the  meteorological  s t a t i o n s  mark shower type p r e c i p i t a t i o q  
thunderstorms, and s o l i d  c loudiness .  

_I 

Along t h e  f r o n t  w e  observe middle l e v e l  clouds ( a l t o s t r a t u s  and a l t o -  
cumulus) with the  base  a l t i t u d e  of 1,000-1,500 m .  

I n  the  E region t h e  weather i s  determined by the  in f luence  of  the a n t i -  
cyclone and t h e r e f o r e  the  sky was c loudless  over  the e n t i r e  Balkan Peninsula .  
On the  map f o r  3 h r s .  o f  t he  15 September, a l a r g e  number o f  s t a t i o n s  no t i ced  
a haze.  I t  i s  p r e c i s e l y  because o f  t h i s  t h a t  i n  the  region of E the t e r r e s -  
t r i a l  su r face  has  a wh i t i sh  t i n t .  

The absence o f  clouds i n  E region i s  we l l  supported by the  r a d i a t i o n -  
ba lance  measurement d a t a .  A t  Minsk s t a t i o n  the  value o f  t h e  r a d i a t i o n  balance 
was about 0.09 cal/cm2min; a t  Riga s t a t i o n  i t  w a s  0.10 cal/cm2min; a t  Kovel, 
s t a t i o n  (west of  Kiev) i t  i s  0.07 cal/cm*min; i n  t h e  nor thern  regions where 
cloudiness  wa's observed, t he  r a d i a t i o n  balance value decreased t o  0 . 0 2  cal/cm2 
min a t  Umba s t a t i o n  and 0.03 cal/cm2min a t  Murmansk s t a t i o n .  
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In  Figure 7a w e  p r e s e n t  an IR-image o f  t h e  terrestr ia l  s u r f a c e  and t h e  
cloud cover,  ob ta ined  on 15 September 1964 a t  23 h r s .  49 min Moscow t i m e .  
(Nimbus-1, 271st loop) .  On t h e  no r th  the  boundary o f  t he  reg ion  included i n  
t h e  f i e l d  o f  v i s i o n  of t h e  instrument  passes  a t  about 60"N, on t h e  west from 
t h e  Moscow region t o  t h e  Black  Sea coas t  of the  Caucausus, a long the  40"E t o  
10"N, and from t h e  east  from Omsk through the  Kara Kums and t o  t h e  Arabian 
Peninsula .  

Figure 7a. P i c t u r e  of the Underlying 
Surface i n  Cloudiness Obtained from 
the N i m b u s - ]  Sa te l  1 i te on 15 September  
1964 (Loop No. 271, 23 Hrs. 49 M i n .  
Moscow Ti  me) . 

Figure 7b.. Synoptic S i t u a t i o n  of  
t h e  Region U n d e r  t h e  S a t e l l i t e .  

In  t h e  upper p a r t  o f  t h e  I R -  
p i c t u r e  we can s e e  a c h a r a c t e r i s t i c  

cloud vor tex .  I n  the  remaining p a r t  o f  t h e  p i c t u r e  w e  can t r a c e  
dark tone o f  the  terrestr ia l  su r face .  The cloudiness  condi t ions 
t e d  by both the  ground synop t i c  map and t h e  h igh  a l t i t u d e  maps. 
he igh t  p a t t e r n  maps up t o  t h e  map o f  t h e  tropopause we can t r a c e  
t h e  c e n t e r  of  which on t h e  ground synop t i c  map is  loca ted  i n  the  
reg ion .  

a very uniform 
are i 1 i u s  tra- 
On a l l  t he  
the cyclone, 
Sverdl  ovs k 

The b r i g h t e s t  c loudiness  region A p r e s e n t s  the  cloudiness  o f  the  cold 
f r o n t  wi th  waves caused by the  cyclone nea r  Sverdlovsk. 

The cen te r  o f  the cyclone i s  de l inea ted  by a c losed  i s o b a r  of  1,010 mb. 
The clouds i n  t h i s  region are loca ted  only  along t h e  f r o n t ,  and w e  observe t h e  /83 - 
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clouds o f  a l l  t h e  l e v e l s :  s t ra tocumulus wi th  the  base  he igh t  o f  600 m,  middle 
l e v e l  clouds ( r idge  type) , and a l s o  cirrocumulus clouds.  

The cloudiness  i n  reg ion  B is  caused by the  inf luence  of  t h e  v a s t  cyclcme 
occupying t h e  e n t i r e  no r the rn  and c e n t r a l  p a r t s  of t he  European t e r r i t o r y  o f  
USSR moving from t h e  reg ion  o f  Finland md Leningrad o b l a s t s .  
ion  t h e r e  is  a s t r o n g  northwestern wind. 

Over t h i s  reg- 

Figure 8a. 
C l o u d i n e s s  Obtained from t h e  Kosmos- 
122 Sa te l  1 i te on 22 September 1966 
(Loop No. 1,323, 15 Hrs. 03 M i n .  
Moscow Ti  m e )  . 

Inf ra red  P i c t u r e  of t h e  

Figure 8 b .  Synoptic S i t u a t i o n  i n  
t h e  Region Below t h e  Sa t e l  1 i te. 

The synop t i c  ana lys i s  i s  supported w e l l  by the  d a t a  o f  ground actinomet- 
r i c  observa t ions .  

In  Figure Sa w e  g ive  the  IR-image obta ined  from the  meteorological  s a t e l -  
l i t e  Kosmos-122 on 22 September 1966 a t  15 h r s .  03 min. Moscow time, 1 ,323rd 
loop. 
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I n  the  c e n t r a l  p a r t  o f  the  IR-image the  cloudiness  has a s p i r a l l y  form 
shape, t h e  cen te r  o f  t h e  vo r t ex  co inc id ing  c l o s e l y ' w i t h  the  c e n t e r  of  t he  high 
occluded cyclone, l oca t ed  on t h e  ground weather map i n  t h e  regions o f  t he  
Sea o f  Okhotsk n e a r  Kamchatka (Figure 8b).  

/ 84 - 

The r i g h t  hand p a r t  o f  t h e  vor tex  l i k e  cloudiness  i s  o r i e n t e d  i n  t h e  
d i r e c t i o n  of  the  w a r m  f r o n t ,  which on t h e  ground map i s  p l o t t e d  on the  ground 
map according t o  the  d a t a  o f  meteorological  s t a t i o n s  on t h e  Kur i l  I s l a n d s .  
The photograph obta ined  from the  s a t e l l i t e  makes it p o s s i b l e  t o  render  more 
p r e c i s e  t h e  p o s i t i o n  o f  t h e  w a r m  f r o n t  above t h e  ocean, where no meteorologi- 
c a l  observat ions have been made. 

I n  Figure 9 a  w e  p resented  the  i n f r a r e d  image o f  the t e r r i t o r y  o f  the  
e a r t h  along the  t r a j e c t o r y  of the  Kosmos-122 s a t e l l i t e  on '4 J u l y  1966 a t  
1 2  h r s .  33 min.,  Moscow time (135th Loop) from t h e  nor thern  coas t  o f  A f r i c a  
t o  Southern Urals and t h e  measured f i e l d  o f  r a d i a t i o n  temperatures correspond- 
i n g  t o  the  image. On the  photographs w e  can see wi th  s u f f i c i e n t l y  b r i g h t  con- 
t ras t  t h e  reg ions  A and B i n  comparison wi th  the  main tone  of  t he  image. 
t hese  regions corresponded low r a d i a t i o n  temperatures ,  which reach -32 and 
-35°C i n  region B .  

To 

Region C i s  cha rac t e r i zed  by a c e r t a i n  va r i ega t ion  of  t he  image wi th  a 
s imilar  tone;  t o  t h i s  region correspond t h e  r a d i a t i o n  temperature ranging from 
-5 t o  +2OoC (Figure 9b) .  

In  region D t he  o u t l i n e s  o f  t he  Afr ican  coas t  s-tand out  s h a r p l y  by t h e i r  
darker  tone ,  as do the  i s l a n d s  o f  Crete and Cyprus i n  t h e  Mediterranean Sea.  
To t h i s  region correspond t h e  r e l a t i v e l y  cons tan t  r a d i a t i o n  temperatures : 
10-15" over  t h e  s e a  and 21-25" over  t he  cont inent .  

The synop t i c  s i t u a t i o n  ( the  map f o r  15 h r s )  o f  the  t e r r i t o r y ,  represented  
on the IR-pic ture  i s  cha rac t e r i zed  by the  in f luence  o f  a high s t a t i o n a r y  
cyclone above the  Caspian lowlands and the  f r o n t a l  zone connected wi th  i t  
(Figure 9 c > .  The cloudiness  i n  region A is  connected wi th  a w a r m  f r o n t  and 
i n  region Bwith a system of cold f r o n t s  o f  t he  same cyclone. 

Possessing d a t a  on temperature and moisture  of  t he  a i r  on t h e  p r i n c i p a l  
i s o b a r i c  s u r f a c e s ,  taken from the  synop t i c  map and the  he igh t  p a t t e r n  maps 
f o r  i nd iv idua l  regions o f  t he  t e r r i t o r y  t o  which the image p e r t a i n s ,  we can 
c a l c u l a t e  the r a d i a t i o n  temperatures .  The r e s u l t s  of t hese  ca l cu la t ions  are 
given i n  Table 6 .  

Let us compare the  r e s u l t s  o f  c a l c u l a t i o n s  t wi th  the  measurement by rad  
means o f  the s a t e l l i t e .  The radiosonde d a t a  i n  the  Kuybyshev regions i n d i c a t e  
the  presence of  t h e  middle l e v e l  c loudiness ,  which can be a l s o  seen on the  
ground weather map. The mean r a d i a t i o n  temperature ,  ob ta ined  according t o  the  
measurement d a t a ,  amouits t o  -2°C. This coincides  well with the ca l cu la t ed  
r a d i a t i o n  temperatures equal t o  -1.5"C. 
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The s o l i d  lower cloudiness  over  the Black Sea has r a d i a t i o n  temperatures 
ranging from -12.0 t o  -19.0"C 
Which a l s o  i n d i c a t e s  t h e  good coincidence of t h e  r e s u l t s  of c a l c u l a t i o n s  and 
s a t e l l i t e  measurements. 

t h e  ca l cu la t ed  temperature he re  i s  -17OC. 

F i g u r e  9a.  Inf ra red  Image of the 
U n d e r l y i n g  Surface and Cloudiness 
Obtained from t h e  Kosmos-122 S a t e l -  
l i t e  on 4 Ju ly  1966 (Loop No. 13.5, 
12 Hrs . ,  33 M i n .  Moscow T i m e ) .  

F i g u r e  9 b .  T h e  Measured Radiation 
Temperature F ie  1 d . 
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F i g u r e  9c. T h e  Synopt ic  S i t u a t i o n  
of t h e  Region U n d e r  t h e  Sate1 1 i te. 

The regions of t h e  Mediterranean - /86 
Sea and African coas t  are cha rac t e r i zed  
by weather wi th  few clouds (0-1 p o i n t s  
o f  cumulus c louds) :  t h e  mean r a d i a t i o n  
temperatures ,  measured over  t h e  Med- 

r ad  ' i t e r r a n e a n  Sea amount t o  13"C,  t 

measured above t h e  Afr ican reg ions  
amount t o  about 24OC. 

From Table 6 we can see t h a t  t he  
measurement d a t a  agreed q u i t e  w e l l  w i t h  
t he  c a l c u l a t i o n  r e s u l t s .  The 135th 
Loop passes  p a r t l y  above the  t e r r i t o r y  
of  t he  USSR, f o r  some regions o f  which 
w e  possess  probable  values  o f  t he  con- 
t ras t  o f  r a d i a t i o n  temperatures o f  
c loudiness  aga ins t  t h e  background o f  
the  underlying su r face .  

The p o s s i b l e  values  o f  t h e  c o n t r a s t  
o f  r a d i a t i o n  temperatures f o r  t he  t h i c k  
f r o n t a l  c loudiness  and v e r t i c a l  develop- 
ment clouds amounted t o  30-40°, which 
makes it p o s s i b l e  t o  i n t e r p r e t  t he  
reg ions  A and B o f  t h e  r a d i a t i o n  f i e l d ,  
as regions o f  high f r o n t a l  c loudiness .  
Here the  cha rac t e r  of  temperature change 
i n  the  reg ions  mentioned enables  us t o  
draw t h e  conclusion t h a t  i n  reg ion  B we 
note  f r o n t a l  c loudiness  o f  t he  cumulo- 
nimbus forms. 

L e t  us compare the  ca l cu la t ed  most 
probable  c o n t r a s t s  o f  the  temperature 

ATial c 
Volgograd, Khar'kov and Odessa with t h e  
c o n t r a s t  o f  ATmeas i n  the  measured rad-  

i a t i o n  f i e l d  o f  the  135th loop of  the  
Kosmos-122 s a t e l l i t e  on the  4 th  of  J u l y  
1966 a t  1 2  h r s  33 min Moscow time (Table 

f o r  regions of  Kuybyshev, 

7) - 
As we can see from t h e  t a b l e ,  t he  /8', 

~ 

probable  values  o f  r a d i a t i o n  temperature 
c o n t r a s t s  with s o l i d  c loudiness  a r e  i n  
s u f f i c i e n t l y  good agreement wi th  t h e  con- 

trasts obta ined  as a r e s u l t  o f  measurement from sa te l l i t es  (Kuybyshev, 
Volgograd) . 
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I n  t h e  reg ions  of Khar'kov knd Odessa w e  no te  a more s u b s t a n t i a l ' d i f f e r -  
ence i n  t h e  values  of t h e  c o n t r a s t ,  which enables  us  t o  assume t h e  presence 
of c loudiness  with breaks i n  t h e s e  regions ( i n  Khar'kov 6 po in t s  of lower 
l e v e l  c loudiness ,  i n  Odessa 3-4 p o i n t s  of lower l e v e l  c loudiness) .  This as 
sumption is  supported by t h e  a n a l y s i s  of t h e  synopt ic  s i t u a t i o n  on t h e  ground 
weather map. 

T A B L E  6.  COMPARISON OF THE MEASURED AND CALCULATED R A D I A T I O N  TEMPERATURES. 

- - - .  

Region 

.. . 

Kuybyshev Oblast 

Black Sea 

Africa 
Mediterranean Sea 

. . . - . . . . . - - .- 

.. -~ Cloudiness 
Middle Upp.er 

t OC, Measured 
JS-131 'rad J8-13 18-13 J8-13 'rad from the Satellite 

. _.I_ 
Clear Lower -- .~ 

tad 

~~ . -. - ._ . ! . _ _  

4393,7 20,9 1964,9 -20,6 2914,8 -1,5 3196,8 4,O -2,o 

3762,6 13,O 2119.4 --17,03011,7 0,5 3295,6' 5 , 5  --12,0--19,0 

4716,8 26,O 2482,7 -9,5 3537,2 9,5 40,10,4 17,O 21,0-29,0 
4045,9 17,7 2390,l -11.,33166,9 4,O 3568,4 10.0 11,O-15,O 

i s  the i n t e n s i t y  of the outgoing r ad ia t ion  (microwatts/cm2 s t e r -  '8-1 3 Note: 

adian)  i n  the region of  wavelengths o f  8-13 1-1; t o rad  is ca l cu la t ed  rad ia t ion  
temperature ( " c ) .  
Tr. Note: Commas ind ica t e  decimal pp in ts  

- 

Points  

Kuyby s hev 

Kha r I kov 
Vo 1 gog rad 

Odessa 

AT" AT" meas 

25,8 ( m i d d l e )  
25,O 37,2 ( lower) 
19,0 27,2 I 1  17,o (lower 

ti po in t s )  12,o 28,6 I 1  

12,2 (lower 
4 po in t s )  

34,O 

~~ 

In  Figures 10a and b we g ive  the  i n f r a r e d  image of t he  p a r t  of t he  survey- 
ed band and the  r a d i a t i o n  f i e l d  corresponding t o  . t h e  image (Loop 209, 9 J u l y  
1966). On the  photograph regions A and C s t and  ou t  with s u f f i c i e n t  con t r a s t  
aga ins t  t he  dark background o f  t he  p i c t u r e  i n  the  c e n t r a l  p a r t  o f  B .  I n  t he  
r a d i a t i o n  f i e l d  two regions A and C correspond s u f f i c i e n t l y  low r a d i a t i o n  
temperatures (-27, - 3 3 O C )  aga ins t  t he  background of the  p r i n c i p a l  f i e l d  B ,  
cha rac t e r i zed  by the  p o s i t i v e  values  o f  temperature amounting t o  about 9OC.  
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Figure loa .  Inf ra red  P i c t u r e  o f  t h e  
Underlying Surface and Cloudiness 
Obtained from t h e  Kosmos-122 Weather 
Sate1 1 i t e  on 9 Ju ly  1966 (Loop No. 209, 
12 h r s ,  28 m i n .  Moscow T i m e ) .  

Figure 1 
Tempera t 

9 9 9 g 9 9 g %  9 9 9 e 9 L l L 2 7 3 0  

6 9 IO 9 9 9 9 -2 -17 

- n 9  9 9 9 9 9 5-52 

-2 -11 

9 9  

Ob. T h e  Measured Ra 
:ure F ie ld .  

d i a t  i on- 

The synop t i c  s i t u a t i o n  (weather map f o r  15 h r s ) ,  corresponding t o  the  ~ / 88 
t e r r i t o r y  por t rayed  on t h e  p i c t u r e ,  i s  determined by the  inf luence  of t he  cyc- 
lone t h e  cen te r  o f  which i s  loca ted  nea r  t he  p o i n t s  wi th  coordinates  o f  70"N 
and 80"E and the  f ron ta?  system connected with i t .  The cloudiness i n  region 
A r ep resen t s  t he  cold f r o n t  c loudiness  system. The c e n t r a l  p a r t  of t he  t e r -  
r i t o r y  (region B) i s  cha rac t e r i zed  by the  in f luence  o f  the an t icyc lone ,  we 
observe c loudless  o r  l i t t l e  cloudy weather (Figure 1Oc). 

In  regions C we noted a considerable  c loudiness ,  formed along the  e a s t e r n  
per iphery  of  t h e  s t a t i o n a r y  an t icyc lone  and cons i s t ing  mainly of  s t r a t i f o r m  
and stratocumulus and altocumulus clouds.  We no te  ind iv idua l  massifs  of cumu- 
lonimbus forms of  c loudiness .  
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We can compare t h e  probable  values  
o f  the  r a d i a t i o n  temperature  c o n t r a s t  and 
t h e  measured values  of  the  c o n t r a s t  only 
f o r  t h e  region of Yakutsk because of  t h e  
absence of c a l c u l a t e d  d a t a  f o r  o t h e r  
p o i n t s .  Actua l ly ,  t he  temperature  con- 
t r a s t  observed f o r  t h e  cloudiness  (ex- 
c luding  the  f r o n t a l  clouds) aga ins t  t h e  
background o f  the  underlying s u r f a c e  
amounts t o  8-11'. The probable  value o f  
t h e  c o n t r a s t  f o r  t h e  cloudiness  o f  t h e  
middle l e v e l  i n  t h i s  reg ion  is equal  t o  
9.3 'C,  which i n d i c a t e s  a s u f f i c i e n t l y  
good coincidence between t h e  values ex- 
amined. In  the  ground l e v e l  synop t i c  map 
of  t h e  Yakutsk region we note  s o l i d  cloud- 
i n e s s  o f  t he  middle l a y e r ,  which a l s o  
suppor ts  t he  above -mentioned agreement. 

The temperature c o n t r a s t  i n  t h e  
region A which reach the  values  of  30-35' , 
i n d i c a t e  the  ex i s t ence  of f r o n t a l  c loudi-  
ness  i n  t h i s  reg ion .  In  region C ind iv-  
i dua l  s e c t o r s  have c o n t r a s t s  o f  r a d i a t i o n  
temperatures ,  reaching -36 and -42" ,  
which i n d i c a t e s  the  presence of  t h i ck  
v e r t i c a l  development cloud massifs. 

On the  b a s i s  o f  t h e  i n v e s t i g a t i o n s  
performed by us we can make the  fol lowing 
conclusions.  

1. The i n f r a r e d  p i c t u r e s  obtained 
from the  s a t e l l i t e  y i e l d  a more complete /89 
and whole p i c t u r e  o f  d i s t r i b u t i o n  of t h e  
cloudiness  than the synop t i c  maps. The 
p i c t u r e  obta ined  enables  us t o  r e f i n e  the  
d i s t r i b u t i o n  o f  c loudiness  over  l a r g e  
areas o f  the  t e r r e s t r i a l  s u r f a c e .  However, 
i n  t h i s  case we should no te  t h a t  many de- 
t a i l s  of t he  cloudiness  s t r u c t u r e ,  wel l  
v i s i b l e  on t e l e v i s i o n  p i c t u r e s  a r e  smooth- 
ed o u t  on i n f r a r e d  p i c t u r e s  ( t h i s  ind ica tes  
t h e  n e c e s s i t y  o f  r a i s i n g  the  th ree -  
dimensional r e s o l u t i o n  o f  t he  i n f r a r e d  
p i c t u r e ) .  

- 

2 .  F o r  r e f i n i n g  c e r t a i n  p o s i t i o n s  
i n  the  i n t e r p r e t a t i o n  of  t h e  s a t e l l i t e  
observa t ions  i n  a number o f  cases we can 

103 



use  the  r a d i a t i o n  ba lance  da t a .  

3 .  The va lues  o f  r a d i a t i o n  temperature c o n t r a s t s  o f  the  underlying s u r -  
face and clouds according t o  t h e  measurements from weather  satell i tes agree 
w e l l  wi th  analogous values  o f  c o n t r a s t s  c a l c u l a t e d  according t o  the da t a  o f  
s p e c i f i c  soundings o f  t h e  atmosphere. This i n d i c a t e s  t h a t  i n  the  absence of  
t h e  p o s s i b i l i t y  of  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of i n f r a r e d  p i c t u r e s  o r  t h e  
climatical c a l c u l a t i o n  d a t a  on the  c o n t r a s t  may serve as a r e l i a b l e  o r i e n t a -  
t i o n  p o i n t  f o r  such i n t e r p r e t a t i o n .  

4. .The i n v e s t i g a t i o n  performed on t h e  p o s s i b l e  dev ia t ions  o f  t h e  r ad ia -  
t i o n  c o n t r a s t  va lues  from t h e i r  mean values  which may b e  obta ined  by us on 
t h e  b a s i s  o f  t he  use o f  mean long-term values  o f  temperatures o f  the underly- 
i n g  s u r f a c e ,  a l t i t u d e ,  and temperature of  t h e  upper cloud l i m i t ,  t h e  v e r t i c a l  
d i s t r i b u t i o n  o f  t he  a i r  temperature and moisture ,  showed t h a t  f o r  i n t e r p r e t a -  
t i o n  of t h e  i n f r a r e d  measurement d a t a  from s a t e l l i t e s  w e  can. recommend the  
use of  the most probable  va lues  o f  c o n t r a s t  between the  r a d i a t i o n  temperatures 
o f  t h e  e a r t h  and cloudiness  ca l cu la t ed  by us ea r l i e r  [4]. 

The p o s s i b i l i t y  of  t he  use o f  probable  values  o f  r a d i a t i o n  c o n t r a s t  AT 
i n  t h e  i n t e r p r e t a t i o n  of i n f r a r e d  images, ob ta ined  from the  s a t e l l i t e ,  i s  
supported by the  good agreement of  t hese  d a t a  wi th  t h e  r e s u l t s  o f  the  concrete  
s a t e l l i t e  measurements. 
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P R O C E D U R E  F O R  C A L C U L A T I N G  THE SHORTWAVE RADIAT!ON F I E L D  D U R I N G  
A N I S O T R O P I C  R E F L E C T I O N  FROM THE U N D E R L Y I N G  SURFACE 

K. S .  S h i f r i n  and V .  Y u .  Kolomiytsov 

ABSTRACT: It is shown, t h a t  upon t h e  consecut ive eva lua t ion  
of t h e  di .ffusion of t he  f i r s t ,  second, and h igher  o r d e r s ,  t h e  
s e n s i t i v i . t y  of t h e  funct ion of t h e  source t o  t h e  r e f l e c t i o n  
i n d i c a t r i x ,  decreases .  I n  o r d e r  t o  eva lua te  from above t h e  
e f f e c t  o f  t h e  anisotropy of  t h e  r e f l e c t i o n  on t h e  f i e l d  of 
d i f fused  r a d i a t i o n ,  i t  is  s u f f i c i e n t  t o  car ry  o u t  t h e  co r re s -  
ponding ca l cu la t ions  taking i n t o  account only t h e  double 
d i f f u s i o n .  The  eva lua t ions  discovered t h e  e q u a l i t y  of t h e  
f i .e lds  of d i f fused  r ad ia t ion  above t h e  a r b i t r a r y  water  su r face  
and the  Lambertian bottom with the d i r e c t  r ad ia t ion  albedo.  
It has b e e n  shown t h a t  t h e  con t r ibu t ion  of t h e  underlying 
s u r f a c e  t o  t h e  d i f fused  radiati’on decreases ,  i f  the r o l e  of  
mu1 t i p l e  d i f f u s i o n  i n  t h e  atmosphere increases  (opt ica l  thick-  
ness grows),  b u t  t h i s  con t r ibu t ion  grows, i f  w e  take i n t o  
account not  t h e  s i n g l e  b u t  t h e  mu l t ip l e  d i f fus ion  with f ixed  
parameters of t h e  atmosphere. T h e  r a d i a t i o n ,  absorbed by t h e  
l ayer  of a t u r b i d  m e d i u m ,  i s  eva lua ted  from above and from 
below by t h e  va lues ,  obtained w i t h  an eva lua t ion  of only a 
s i n g l e  d i f f u s i o n .  

Introduct ion 

The c a l c u l a t i o n  of t he  shortwave r a d i a t i o n  f i e l d  i n  the  atmosphere i s  /90 
usua l ly  c a r r i e d  out  i n  the  assumption t h a t  the  underlying su r face  i s  
Lambertian. However, we know w e l l  t h a t ,  t he  a c t u a l  s u r f a c e s  dev ia t e  g r e a t l y  
from t h i s  t h e o r e t i c a l  model. 
a l s o  t o  t h e  d r y  land and clouds.  

This p e r t a i n s  not  on ly  t o  the  marine su r face  b u t  

The method o f  c a l c u l a t i o n  of the f i e l d  wi th  an a n i s o t r o p i c  r e f l e c t i n g  
bottom was previous ly  proposed by M .  S .  Malkevich [l]. I n  h i s  work he examin- 
ed the  case of  the  weakly a n i s o t r o p i c  bottom. 

The purpose of  t he  p re sen t  work is  t o  i n v e s t i g a t e  the  case o f  s t r o n g l y  
a n i s o t r o p i c  s u r f a c e s ,  c lose  t o  t h e  mi r ro r  ones,  such f o r  example as the p r i n -  
c i p a l  su r f ace  of  t h e  t e r r e s t r i a l  globe,  namely t h e  world ocean. 

We s h a l l  show, t h a t  t h e r e  i s  p r a c t i c a l l y  no n e c e s s i t y  t o  cons ider  the  
problem i n  i t s  e n t i r e t y , t o  seek the  s o l u t i o n  o f  t h e  equat ion of t r a n s f e r  w i t h  
t he  non-Lambertian bottom. I t  i s  s u f f i c i e n t  t o  c a l c u l a t e  c a r e f u l l y  the  re- 
f l e c t e d  d i r e c t  r a d i a t i o n  according t o  the  dat.a on the  .b r ightness  c o e f f i c i e n t .  
A s  f o r  t h e  d i f fused  s a d i a t i o n ,  it can b e  c a l c u l a t e d  very accu ra t e ly  consider-  
i n g  the  bottom Lambertian wi th  a c e r t a i n  e f f e c t i v e  albedo. 
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Below w e  g ive  the  reasoning f o r  the  outgoing shortwave r a d i a t i o n  (OSR) 
f i e l d  having i n  view the  ana lys i s  o f  the  d a t a  o f  measurements from a s a t e l l i t e .  
In  r e a l i t y  the  system of c a l c u l a t i o n  examined h e r e  may b e  used f o r  c a l c u l a t i n g  
t h e  f i e l d  a t  any l e v e l  i n  t h e  atmosphere. 

1 .  Contr ibut ion of  t h e  Reflect ion From t h e  Underlying Surface t o  t h e  Bright-  
ness i n  t h e  Atmospheric Haze 

L e t  us r ep resen t  t h e  b r igh tness  o f  t he  haze on the  upper boundary o f  t h e  
atmosphere i n  t h e  form of  

Here, 1: 

A is  the haze pend on the  albedo ( t h e  b r igh tness  o f  t he  haze when A = 0 ) ,  

component dependent on the r e f l e c t i o n  o f  r a d i a t i o n  a t  Lhe lower boundary. 

Values ID and I A  are func t ions  o f  t h e  o p t i c a l  th ickness  T ~ ,  albedo A,  d i f -  

fuss ion  i n d i c a t r i x  ~ ( y ) ,  zen i th  d i s t ance  of  the  sun i ,  and the  s e l e c t e d  d i r e c -  /91 
t i o n  8 ,  (p. Having f i x e d  a l l  o f  t he  v a r i a b l e s ,  wi th  the  except ion of  T and 

A l e t  us examine func t ion  

i s  caused only by t h e  s c a t t e r i n g  i n  the atmosphere and does n o t  de- 

I D  . 

D 

- 
0 

cha rac t e r i z ing  the  con t r ibu t ion  o f  the  underlying sur face  t o  the  d i f fused  rad-  
i a t i o n  of the  upper boundary o f  the atmosphere. 

0 d i f fus ion  value ID grows monotonously, and I: e i t h e r  decreases  o r  grows (with 

small T ~ ) ,  b u t  always s lower than Io  because the  i l luminance of t he  bottom 

causing it decreases .  

i . e . ,  t h e  con t r ibu t ion  o f  t h e  underlying s u r f a c e  t o  the d i f fused  r a d i a t i o n  
decreases ,  i f  i n  t h e  atmosphere o f  the  p l a n e t  t he  r o l e  of  mul t ip l e  d i f f u s i o n  
increases  ( T  grows). But on the  o t h e r  hand, t h i s  con t r ibu t ion  inc reases  upon 

conversion from s i n g l e  d i spe r s ion  t o  mul t ip l e  d i spe r s ion  wi th  the  f i x e d  para-  

meters o f  the  atmosphere. Indeed, i f  I o  and I* are func t ions  obta ined  when 

a l l  t h e  orders  o f  d i f f u s i o n  down t o  the  k- th  inc luded  are taken i n t o  account,  
then upon t h e  inc rease  of  index k both func t ions  grow due t o  the  i n c r e a s e  o f  

When T~ i s  increased  due t o  

D’  

A 0  There’fore,  I D / I D  
0’ 

and f a r e  decreasing func t ions  o f  T 

0 

Dk D 
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A the  number o f  d i f f u s i o n s ,  b u t  i n  add i t ion  t o  t h i s  ID 

through the  i n c r e a s e  o f  i l luminance o f  t h e  underlying s u r f a c e .  

upon the  conversion from t h e  s i n g l e  d i f f u s i o n  t o  mul t ip l e  IA D 
than ID . 
o f  pure  d i f f u s i o n  wi th  a s p h e r i c a l  i n d i c a t r i x ,  u s ing  t h e  exac t  values  o f  t h e  

func t ions  o f  t he  sou rce ,  obtained by E .  S .  Kuznetsov and B .  V .  Ovchinski [ 2 ] .  
Having f i x e d  the  zen i th  d i s t ance  of t h e  sun and t h e  d i r e c t i o n  o f  observa t ion  
( i  = 30' , 0 = 0)  , w e  c a r r i e d  ou t  t he  ca l cu la t ions  of  func t ions  f f o r  s e l e c t i o n  
o f  values  o f  T and A (Table 1 ) .  For t h e  same condi t ions  w e  ca l cu la t ed  func- 

t i o n  fl(TO, A) = I 

underlying s u r f a c e  t o  t h e  b r igh tness  of  the  haze t ak ing  i n t o  account only the  
s i n g l e  d i f f u s i o n .  From t h e  examination o f  t h e  t a b l e s  obta ined  we can draw a 
number of  conclusions.  

i nc reases  a d d i t i o n a l l y  
k 

Consequently, 

grows fas ter  
0 These reasonings may be  e a s i l y  checked q u a n t i t a t i v e l y  f o r  t h e  case 

' A  
/ ID  (Table 2 ) ,  i . e .  , we have found t h e  con t r ibu t ion  of  t he  

Dl 1 

0,115 
0,208 
0,286 

0,1 
0-2 
0.3 

TARLE 1 .  CONTRIBUTION OF THE UNDERLYING SURFACE TO THE 
BRIGHTNESS OF THE HAZE A T  THE UPPER BOUNDARY OF THE ATMOS- 
PHERE (VALUES OF FUNCTION f ( ~ o , A ) = / ; /  ID) 
A = ' x (y )= l ,  i=3Oo,'B=0 

WHEN 

0,104 0,0925 0,0870 0,0814 
0,193 0,178 0,166 0,155 
0,267 0,251 0,236 0,222 

0,537 0,522 
1 0 , 8  

T r .  Note: Commas indicate decimal p o i n t s .  

1 0 '  0 1. Function f ( T  A) , as wel l  as f ( r o ,  A) , decreases  with r e spec t  t o  T 

and inc reases  with r e spec t  t o  A .  The same may be  s a i d  a l s o  o f  func t ion  f 

func t ion  o f  T 

coincides  wi th  f 

k 
Inasmuch as f(-coJ A) i s  a monotonously decreas ing  i t  CTOA) - 0 '  

1' 
reaches i t s  maximum value  when T -f 0, b u t  f when 

consequently , 
-r0 << 1 0 

0,508 0,495 0,483 

func t ion  f has  the  fol lowing appearance 1 
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Here 

0,1 
0,2 
0 , 3  
0.5 

y 

T" m 

0,101 0,0859 0,0730 
0,183 0,158 0,138 
0,252 0,220 0,193 
0,359 0,320 0,285 
0,473 0,429 0,390 
0,529 0,484 0,444 

T A B L E  2. C O N T R I B U T I O N  OF THE UNDERLYING SURFACE TO THE BRIGHTNESS OF THE HAZE 
A T  THE UPPER BOUNDARY OF T H E  ATMOSPHERE T A K I N G  I N T O  ACCOUNT ONLY A S I N G L E  D I S -  

PERS I ON (VALUES OF FUNCT I ON f ~ ( t ~ , A ) = / ; , i  Io,), 
k = x ( y ) = l ,  i=30", @ = o  

~ __ . -  

+u 

0.2 I 0 3  I 0.4 1 0.5 I 0,6 
- - _  ! 

0,0629 
0,118 
0,167 
0,251 
0,349 
0,401 

0,0536 
0,102 
0,145 
0,220 
0,312 
0,361 

Going on t h e  l i m i t  ( Z ) ,  w e  ob ta in  the  maximum p o s s i b l e  va lue  o f  func t ion  
f ( T ~ ,  A) with  t h e  s p h e r i c a l  d i f f u s i o n  i n d i c a t r i x  

With A = 0 we ob ta in  f = . O ,  from which it follows t h a t  i n  t h i s  case max 
f = 0 with any va lue  of  T i n  accordance with i t s  sense  [ see  ( l ) ] .  When A # 0 ,  

i n  t h e  p a r t i c u l a r  case i'= 8 = 0 ,  w e  have from (5) 
0 

( 6 )  
2A f m a y  ( A )  = 

2 .  Function f (T  A) fl(-cO, A) with  any T and A ,  t h e  i n e q u a l i t y  be ing  
0'  0 

t h e  g r e a t e r  t he  l a r g e r  i s  T Evident ly ,  f ( T  A) i nc reases  monotonously with 

the  growth of  k and fk -+ f when k + m. 

0 '  k 0 '  



..- . .. - ~~~~~ - -  - . . ... . . .... . .. 

3. Function f (T A) grows wi th  i n c r e a s e  o f  k s i m i l a r l y  f o r  a l l  t h e  A .  

We have i n  view, t h a t  t he  r e l a t i o n s h i p  between func t ions  E o f  t h e  var ious o r -  
ders  i s  p r a c t i c a l l y  independent on the  albedo, i n  p a r t i c u l a r  t h a t  

k 0 '  

Thus, w e  found t h a t  

i s  a decreasing func t ion  o f  T and inc reas ing  func t ion  o f  index k .  0 

2 .  Evaluation of Absorption i n  t h e  Atmosphere According t o  t h e  F i e l d  of a /93 
Once Dispersed Radiation 

The above-mentioned cons idera t ions  enable  us t o  g ive  a s imple eva lua t ion  

Let us des igna te  wi th  F.: and F i  t h e  semispher ica l  flows of  d i f fused  r ad ia -  

t i o n  o f  the  k - th  o rde r  coming ou t  through t h e  upper y d  lower boundaries of t h e  
l a y e r  o f  t h e  o p t i c a l  th ickness  T ~ ,  and wi th  F 

flows (k = -). For t h e  l a t t e r  t h e r e  is the  fol lowing law o f  p re se rva t ion  of  
energy : 

o f  the  amount o f  r a d i a t i o n  absorbed i n  t h e  t e r r e s t r i a l  atmosphere. 

.f and F t h e  exac t  values o f  t h e  

E = Edr + Fab + F ' + F  J. , 
0 

where E 

t he  r a d i a t i o n  absorbed i n  t h e  v e r t i c a l  column o f  t h e  atmosphere of  a u n i t  c ross -  
s e c t i o n  i n  a u n i t  o f  t ime, Edr i s  t h e  i l luminance c rea t ed  by the  d i r e c t  s o l a r  

r a d i a t i o n  a t  t h e  lower boundary o f  t h e  atmosphere. 
we consider  t h a t  A = 0 .  Let us examine the  s o l a r  r a d i a t i o n  i n c i d e n t  on the  
f l a t  l a y e r  s e l e c t e d  by 'us. Passing through the  medium, d i r e c t  r a d i a t i o n  leaves 
a t r a c e  i n  t h e  form o f  a s i n g l y  d ispersed  r a d i a t i o n .  This  ' r a d i a t i o n  of  t h e  
f irst  o r d e r  i s  the  only source  o f  r a d i a t i o n  o f  the  h ighe r  o rde r s .  Therefore ,  
i f  Nk i s  the  f u l l  number o f  quanta  i n  the  medium a f t e r  the k- th  d i spe r s ion ,  

then Nk N1. Ac tua l ly ,  N o f  s i n g l y  d ispersed  quanta ,  engendered by d i r e c t  

r a d i a t i o n ,  cannot i nc rease  i n  number through subsequent d i spe r s ions ,  and may 
only decrease t o  real  absorp t ion .  Hence, i t  fol lows t h a t  t he  t o t a l  flow leav-  
i n g  through b.oth boundaries  of  t he  medium cannot i nc rease  upon t h e  inc rease  o f  
the  o rde r  of  d i spe r s ion ,  i . e . ,  

i s  the  s p e c t r a l  s o l a r  cons tan t  f o r  t he  h o r i z o n t a l  p la t form,  Fab i s  
0 

For the sake o f  s i m p l i c i t y  

1 
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F;+ + F;+  2 F;+ + ~ h t  >, F +  + F +  
(9) 

(The e q u a l i t y  s i g n  takes  p l a c e  during pu re  d i spe r s ion . )  
t h a t  t he  func t ion  of  source Bk ( T ,  8 ,  +) grows monotonously wi th  the  inc rease  

of  index k .  I n  t h i s  case it is  c o r r e c t  f o r  any T ,  e ,  and I$ and t h e r e f o r e  the  
i n t e n s i t y  o f  r a d i a t i o n  i n  each po in t  o f  the  medium and a t  any angle  inc reases  
upon t h e  conversion t o  t h e  r a d i a t i o n  o f  the subsequent o r d e r s .  In  p a r t i c u l a r ,  
f o r  t h e  flows going out  o f  t he  medium w e  have 

However, w e  know well 

The incompa t ib i l i t y  of  formulas (9) and (10) i s  explained by t h e  f a c t  t h a t  
they p e r t a i n  t o  d i f f e r e n t  va lues .  I t  i s  c lear ,  t h a t  t he  t o t a l  number o f  quanta  
during d ispers ion  does no t  i nc rease ,  b u t  wi th  the  usual  growth of  t h e  r a d i a t i o n  
f i e l d  of  t he  f irst  o rde r  w e  exclude from examination those  of t he  N quanta ,  1 
which have been sub jec t ed  t o  a second c o l l i s i o n ,  and leave  only those ,  which 
pass  through the  medium without  d i f f u s i o n  and absorp t ion .  Mathematically t h i s  

i s  expressed by t h e  f a c t o r  e i n  the  formula f o r  t he  i n t e n s i t y .  Going 
over t o  the  d ispers ion  o f  the  second o r d e r ,  we add t o  the  r a d i a t i o n  f i e l d  
those quanta  from t h e  secondary d i spe r s ion ,  which were not  subjec ted  t o  the  
t h i r d  c o l l i s i o n  and so f o r t h ,  i . e . ,  the  func t ion  of the  source grows, and con- 
sequent ly  t h e r e  i s  an i n e q u a l i t y  (10) .  I f  however, w e  consider  t h a t  a l l  t he  
quanta  loca t ed  i n  the  medium a f t e r  the  k- th  d i spe r s ion  go ou t  through the  boun- 
dary and t h e i r  flow i s  equal  t o  F 1 +  k 
pe r s ion  of  the  subsequent or,ders t h i s  flow w i l l  no t  i nc rease ,  s i n c e  the  f u l l  
number of  t he  quanta  w i l l  no t  i n c r e a s e ,  i . e . ,  we ob ta in  formula ( 9 ) .  Let us 
emphasize, t h a t  t h e  l a w  o f  p re se rva t ion  .(8) i s  c o r r e c t  only f o r  t he  t r u e  values  

- T  s e c  e 

+ F t c k ,  then upon conversion t o  the  d i s -  

o f  flows F' and Fc , knowing which w e  can c a l c u l a t e  the absorpt ion i n  t h e  /94 
+ FiJ .  and F ' + F l c ,  then because of  1 I f  however we f i n d  F" ab ' 1 atmosphere F 

t he  i n e q u a l i t y  o f  (9) and ( l o ) ,  we s h a l l  have: 

Hence, the  absorbed r a d i a t i o n  may be  eva lua ted  from above and from below 
t o  the va lues ,  ob ta ined  t ak ing  i n t o  cons idera t ion  only s i n g l e  d i spe r s ion  

. . _ _  



I n  case of pure  d i spe r s ion  ( A  = 1) the  t o t a l  flow t o  the  boundaries o f  t h e  
e n t i r e  s i n g l y  d i spe r sed  r a d i a t i o n  (not  weakened through the  depar ture  of  energy 
i n t o  t h e  cu r ren t s  of t h e  subsequent m u l t i p l i c i t i e s )  because o f  (9) coincides  

with the  exac t  va lue  of t h e  flow, i . e . ,  F i +  + F i +  = F+ + FJ. , which upon sub- 

s t i t u t i o n  i n  (8) t ak ing  i n t o  account t h a t  F = 0 ,  y i e l d s  
ab 

Let us 

func t ion  of 

s i t y  o f  t he  

tak ing  i n t o  

analyze t h i s  equat ion f o r  t he  case when x(y)  = 1, i = 0 .  

t h e  source w e  have B (T) = s / 4 - e P T  . 
r a d i a t i o n  o f  the  f i rs t  o r d e r  l eav ing  the  medium I '  ( e )  without  

For t h e  

In  o rde r  t o  f i n d  the  i n t e n -  1 

1 
account t h e  weakening o f  t he  r a d i a t i o n ,  it i s  e f f i c i e n t  simply t o  

i n t e g r a t e  the  func t ion  o f  t h e  source with r e s p e c t  t o  the e n t i r e  medium 

Let us remind the  r eade r  t h a t  the  usua l  express ion  f o r  t he  i n t e n s i t y  has 

/i (0)  =sec 0 .f Bi (T)c-5scc @ d-r , i . e ., w e  excluded the f a c t o r  e 
70 -Tsece the  appearance o f  

i n  w r i t i n g  formula (13) .  

both boundaries o f  t he  medium. For the  t o t a l  outgoing flow we have 

0 

Apparently value 1; (e )  p e r t a i n s  s imultaneously t o  
A. 

x - 
2 
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Comparing this  express ion  wi th  formula (14) w e  see t h a t  equat ion (12) 
a c t u a l  l y  takes  p 1 ace. 

5 3 .  T h e  P o s s i b i l i t y  of Using t h e  Lambertian S y s t e m  i n  Calcu la t ing  Diffused 
Radi a t  ion 

L e t  us in t roduce  i n t o  the  examination the  c o e f f i c i e n t  o f  r e f l e c t i o n ,  de- 
termined as t h e  r a t i o  between the  b r igh tness  o f  t h e  r e f l e c t e d  r a d i a t i o n  I t o  
the  i l luminance by t h e  p a r a l l e l  flow o f  a h o r i z o n t a l  p l a t fo rm E :  

Here i is t h e  angle  o f  inc idence  o f  t h e  p a r a l l e l  beams o f  rays  ( the  azimuth o f  
t he  inc iden t  p a r a l l e l  beam $I 

angular  coordinates  of  t he  r e f l e c t e d  r ay .  

/95 
is  assumed t o  b e  equal  t o  ze ro ) ,  8 and c) a r e  

0 

Def in i t i on  (15) assumes t h e  i s o t r o p i e i t y  of t he  s u r f a c e .  Moreover, usua l -  
l y  the re  i s  a symmetry of  t h e  r e f l e c t e d  r a d i a t i o n  with r e spec t  t o  the  p l ane  
pass ing  through t h e  v e r t i c a l  and the  i n c i d e n t  r ay ,  i . e . ,  

Mult iplying equat ion  (15) from l e f t  t o  r i g h t  by cosine 8 and i n t e g r a t i n g  
wi th  r e spec t  t o  t h e  hemisphere, we ob ta in  the  r e l a t i o n s h i p  of t he  c o e f f i c i e n t  
of  r e f l e c t i o n  wi th  the  albedo o f  t he  s u r f a c e  

A (i) L= 1 R(0, i, y )  cos Odw = d? I' R(0, i, 7) sin 20dO. 
(2a) 0 0  

For t h e  albedo of  t h e  s u r f a c e ,  i l l umina ted  by a wide source wi th  d i s t r i -  
bu t ion  o f  b r igh tness  I ( 0 ,  $I) , w e  have 

The l a s t  two expressions i n d i c a t e  t h a t  t he  albedo i s  determined n o t  only 
by the  r e f l e c t i n g  p ropex t i e s  o f  the  s u r f a c e ,  bu t  by the  condi t ions  o f  t h e  i l- 
lumination. This circumstance w a s  a l ready noted i n  [3].  I t  complicates con- 
s ide rab ly  the  determinat ion of  t h e  r a d i a t i o n  f i e l d .  Sometimes it i s  convenient 
t o  p re sen t  t h e  r e f l e c t i o n  c o e f f i c i e n t  i n  t h e  fol lowing form 
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I n  t h i s  record ing  t h e  angular  R’ and energy A( i )  par ts  o f  t h e  r e f l e c t i o n  
c o e f f i c i e n t  are d iv ided ,  which enables  us t o  compare d i r e c t l y  t h e  degree o f  
unisotropy o f  t h e  r e f l e c t i o n  o f  su r faces  wi th  t h e i r  d i f f e r e n t  a lbedos.  The 
reduct ion  t o  a u n i t y  enables  us t o  c a l l  func t ion  R ’  ( 0 ,  i, 4) (by analogy wi th  
t h e  d i f f u s i o n  i n d i c a t r i x )  t he  r e f l e c t i o n  i n d i c a t r i x .  We can e a s i l y  see t h a t  
i n  the  case o f  i s o t r o p i c  r e f l e c t i o n  (Lambertian su r face )  

I n  t h e  case o f  s p h e r i c a l  i n d i c a t r i x  o f  d i f f u s i o n  the i n t e g r a l  equat ion o f  
r a d i a t i o n  t r a n s f e r  has t h e  fol lowing appearance 

Here .rrS i s  t h e  s p e c t r a l  s o l a r  cons t an t ,  X i s  t h e  p r o b a b i l i t y  of  s u r v i v a l  
of  t he  quantum, T i s  the  o p t i c a l  th ickness ,  c a r r i e d  from the  upper boundary 
of  the  atmosphere, R i s  t h e  r e f l e c t i o n  c o e f f i c i e n t  in t roduced  above, - /96 

m 

Ye. S Kuznetsov [4]  proposed a method f o r  s o l v i n g  equat ion (22) ,  b u t  only 
with s p e c i f i c  l i m i t a t i o n s  imposed on the  r e f l e c t i o n  c o e f f i c i e n t .  Moreover, 
t h i s  s o l u t i o n  involves  g r e a t  d i f f i c u l t i e s  and determines the  r a d i a t i o n  f i e l d  
only €or the  i s o t r o p i c  d i spe r s ion  i n  the  atmosphere. A t  t he  same time the  
d ispersed  r a d i a t i o n  i s  determined f u l l y  by the  func t ion-  of source  B ,  which i n  
i t s  t u r n  depends mainly on the  d i spe r s ing  p r o p e r t i e s  o f  t h e  medium, and t h e  co- 
e f f i c i e n t  o f  r e f l e c t i o n  i s  included i n  the  equat ion f o r  B only under the  i n t e -  
g r a l  s i g n .  Hence i t  i s  n a t u r a l  t o  assume, t h a t  t h e  f i e l d  o f  d i f fused  r a d i a t i o n  
over  t he  a n i s o t r o p i c a l l y  r e f l e c t i n g  su r face  and over  the Lambertian su r face  
w i t h  t he  same albedo d i f f e r  l i t t l e  from one another ,  and i f  t h i s  i s  the  case,  
then it  is  n o t  necessary t o  s o l v e  equat ion (22) and an even more complicated 
equat ion with t h e  random i n d i c a t r i x  and c a l c u l a t i o n  o f  a p a r t  of the  r e f l e c t e d  
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r a d i a t i o n ,  which depends g r e a t l y  on the  r e f l e c t i o n  c o e f f i c i e n t  does no t  p re sen t  
any d i f f i c u l t y .  M .  S .  Malkevich [l] gave a q u a n t i t a t i v e  eva lua t ion  o f  t h e  pro-  
posa l  made, having examined t h e  equat ion f o r  t he  func t ion  f(-r) = B R ( ~ )  - B*(T) 

where B (T)  i s  the  func t ion  of  t h e  sou rce  a t  t he  s p h e r i c a l  i n d i c a t r i x  o f  d i f -  

fus ion  and an i so t rop ic  r e f l e c t i o n  from the  underlying s u r f a c e  ( t h e  s o l u t i o n  of  
equat ion ( 2 2 ) ) ,  and func t ion  B (T )  i s  given by t h e  s o l u t i o n  of t he  same equa- A 
t i o n  upon replacement o f  R by A/T i n  i t s  values  f o r  a g r e a t  number o f  para-  

meters a r e  given i n  work [ 2 ] .  I t  t r a n s p i r e d ,  t h a t  i f  the  r e f l e c t i o n  Coefficient 
sa t i s f ies  c e r t a i n  condi t ions ,  which are f u l f i l l e d  f o r  the  ma jo r i ty  of t h e  under- 
l y ing  s u r f a c e s ,  then func t ion  f(T)  w i l l  be  s u f f i c i e n t l y  smal l .  This i s  a very 
s u b s t a n t i a l  circumstance and enables  us t o  reduce the  problem t o  c a l l  f o r  a 
determinat ion o f  t he  d ispersed  r a d i a t i o n  f i e l d  i n  the  atmosphere with aniso-  
t r o p i c  r e f l e c t i o n  t o  the  corresponding problem wi th  a Lambertian bottom, f o r  
which i t  i s  s u f f i c i e n t  t o  f i n d  the albedo according t o  the  p re sc r ibed  coef-  
f i c i e n t  of r e f l e c t i o n ,  us ing  the  fol lowing formula: 

R 

M .  S .  Malkevich showed tha t  when T < 1 t h e  second component i n  ( 2 3 )  i s  0 
small i n  comparison wi th  the  f i rs t ,  which represents  the  albedo of  t he  d i r e c t  
r a d i a t i o n  A ( i ) .  From t h i s  i t  t r a n s p i r e s  t h a t  t he  albedo determining the  value 
of the  underlying su r face  i n  the  d ispersed  r a d i a t i o n  f i e l d  i n  the  atmosphere, 
depends mainly on the  r e f l e c t i o n  of d i r e c t  r a d i a t i o n .  Having taken A(i)  as the  
f irst  approximation, and ca l cu la t ed  t h e  corresponding func t ion  of the  source 
B A ( ~ )  and s u b s t i t u t e d  i t  i n  express ion  ( 2 3 )  i n s t e a d  of  B R ( ~ ) ,  we s h a l l  ob ta in  

the  second approximation, and s o  f o r t h .  

The ca l cu la t ions  by M .  S .  Malkevich f o r  t h e  case o f  t he  i n d i c a t r i x  of t h e  
d i spe r s ion  of  t h e  x(y) = 1 + x cos y y ie lded  approximately the  same values  of  

func t ion  f ( T ) ,  as f o r  the  s p h e r i c a l  i n d i c a t r i x .  
1 

Thus, i n  work [l] t h e  authors  proposed the  fol lowing system of  c a l c u l a t i o n  - / 97  
o f  the  r a d i a t i o n  f i e l d  i n  t h e  atmosphere wi th  a n i s o t r o p i c  r e f l e c t i o n  from the  
underlying su r face .  With the  p re sc r ibed  r e f l e c t i o n  c o e f f i c i e n t  R t he  albedo A 
i s  determined according t o  formula ( 2 3 ) ,  then t h e  i n t e g r a l  equat ion is  so lved  
f o r  t he  func t ion  of the  source  wi th  a Lambertian underlying su r face .wi th  the  
albedo va lue  found, and f i n a l l y ,  according t o  the  func t ion  B ob ta ined  and the  
known c o e f f i c i e n t  o f  r e f l e c t i o n  w e  f i n d  t h e  i n t e n s i t y  value sought  f o r  any 
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known c o e f f i c i e n t  o f  r e f l e c t i o n  w e  f i n d  t h e  i n t e n s i t y  va lue  sought f o r  any 
po in t  o f  t he  atmosphere and i n  any d i r e c t i o n .  

However, i n  de te rmina t ion  o f  t h e  r a d i a t i o n  f i e l d  above the  su r faces  wi th  
a sha rp ly  expressed an iso t ropy  o f  r e f l e c t i o n  (water  su r face )  such a system of 
c a l c u l a t i o n  r equ i r e s  a d d i t i o n a l  s u b s t a n t i a t i o n .  In  connection wi th  t h i s  l e t  
us attempt t o  determine how does the  e f f e c t  o f  t h e  an iso t ropy  o f  r e f l e c t i o n  
from the  underlying s u r f a c e  change t o  dispers 'ed r a d i a t i o n  upon passage from 
the  s i n g l e  t o  the  mul t ip l e  d ispers ion  (with f i x e d  parameters of  t h e  atmosphere). 
We remind t h e  reader ,  t h a t  such a conversion i s  accompanied by the  inc rease  of  
t h e  energy con t r ibu t ion  of t he  r e f l e c t i o n  i n t o  the  d ispersed  r a d i a t i o n .  Today 

w e  are i n t e r e s t e d  i n  something e l s e :  
k with a n i s o t r o p i c  r e f l e c t i o n ,  and BA 

the  Lambertian bottom wi th  t h e  albedo ( 2 3 ) ,  then how does t h e i r  r e l a t i o n s h i p  
change upon the  i n c r e a s e  o f  index k? Does i t  approach un i ty  o r  go away from 

it? We c a l c u l a t e d  func t ions  B / B  and BR/BA f o r  var ious  values  o f  parameters 

determining them and f o r  su r faces  with var ious  o p t i c a l  p r o p e r t i e s  (n and x), 
t he  r e f l e c t i o n  from which obeys F rene l ' s  formulas.  I t  t r a n s p i r e d  t h a t  t h e  
second r e l a t i o n s h i p  i s  c l o s e r  t o  u n i t y  than the  f i rs t ,  i . e . ,  

k i f  BR i s  a func t ion  of t he  case o r d e r  

is the  func t ion  corresponding t o  i t  with 

1 1  2 2  
R A  

and we can consider  t h a t  i n  general  

This r e s u l t  i s  expla ined  by the  f a c t  t h a t  upon conversion from the  s i n g l e  
i 
R d i spe r s ion  t o  double t o  B (T) terms a r e  added i n  which the  number o f  t h e  i n -  

t e g r a t i o n s  o f  func t ion  R '  i nc reases  and i n t e g r a l s  appear from the  product o f  
t he  r e f l e c t i o n  i n d i c a t r i c e s ,  which r e s u l t s  i n  the  decrease o f  the  s e n s i t i v i t y  
of t he  source func t ion  t o  the  type  o f  t h e  r e f l e c t i o n  c o e f f i c i e n t ,  t h i s  tendency 
be ing  r e t a ined  i n  t h e  es t imat ion  o f  the  subsequent orders  of  d i spe r s ion .  

In  t h i s  way, i n  o r d e r  t o  eva lua te  from above the in f luence  of  anisotropy 
o f  r e f l e c t i o n  on t h e  f i e l d  o f  d i f fused  r a d i a t i o n ,  i t  is  s u f f i c i e n t  t o  car ry  
out  the corresponding c a l c u l a t i o n s  t ak ing  i n t o  account only the  s i n g l e  d i f f -  
s i o n .  L e t  us make use of t h i s  f o r  the  case of  t he  smooth water s u r f a c e ,  com- 
par ing  the f i e l d s  o f  s i n g l y  d i f fused  r a d i a t i o n  with the  mi r ro r  and i s o t r o p i c  
r e f l e c t i o n .  



S4. Effec t  o f  Reflect ion Anisotropy on t h e  F i e l d  of Diffused Radiation Above 
a Watery Surface 

Let B1 and I be  the  func t ion  of  the  source and b r igh tness  of t h e  haze of 

the  f irst  o rde r  on the  upper boundary o f  t h e  atmosphere i n  t h e  case of  mi r ro r  
r e f l e c t i o n  B '  

Then 

1 

and I' b e  t h e  same value f o r  t he  i s o t r o p i c  r e f l e c t i o n .  1 1 - /9 8 

In  these  formulas K ( Y )  i s  the  d i f f u s i o n  i n d i c a t r i x ;  r ( i )  i s  the  energy 
c o e f f i c i e n t  of  F rene l ' s  r e f l e c t i o n  f o r  water. 

cosy-= -cos 0 cos i+ sin 0 sin icos 'p, 

cos yf = cos 8 cos i + sin 8 sin icos 'p, 

m 

b 70 

(To, e) = E, ( x )  esecox dx, q2 ( z 0 ,  8 )  = E, (x)  esecexdx, 
0 .  0 

x1 i s  t h e  parameter o f  t h e  composition of  t he  i n d i c a t r i x  K ( Y )  = 1 + XI cos y .  

L e t  us no te  t h a t  formulas (27) and (29) have an i d e n t i c a l  component 

which cha rac t e r i zes  the  r a d i a t i o n ,  caused by the  d i f fus ion  of d i r e c t  s o l a r  
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r a d i a t i o n  on t h e  pa th  from the  upper boundary o f  the  atmosphere t o  t h e  under- 
l y ing  s u r f a c e .  Inasmuch, as i n  t h i s  case the haze o'f t h e  f i rs t  o rde r  does no t  
p r e s e n t  an independent i n t e r e s t  f o r  us, b u t  i s  used only f o r  eva lua t ion  o f  t h e  
effect  of  anisotropy o f  r e f l e c t i o n  on the  f i e l d  o f  d i f f u s e d  r a d i a t i o n  above 
smooth water s u r f a c e ,  i t  i s  s u f f i c i e n t  t o  car ry  out  t he  c a l c u l a t i o n s  only f o r  
s e v e r a l  values  o f  v a r i a b l e s .  I n  formulas (27) and (29) we assumed t h a t  

~0=0 ,3 ,  i=O, 30, 60",*0=0, 30, 60°, q=O, 90" r (i) =0.02, 

30, and 60" r e s p e c t i v e l y ,  A = A(i)  = r ( i )  , x = 1.15.  

& I  

0.022, 0.06 f o r  i = 0 
I .\ 

1 

Calcula t ions  have shown t h a t  i f  we exclude the  d i r e c t i o n  of  t he  mir ror  
ray 8 = i ,  (p = 0 ,  then the  cases o f  mi r ro r  and Lambertian r e f l e c t i o n  a r e  
almost i n d i s t i n g u i s h a b l e  from one another ,  and even when 0 = i t h i s  d i f f e r e n c e  
does n o t  exceed 18%. 

Moreover, the r e f l e c t i o n  from the  real sea wi th  waves i s  much c l o s e r  t o  
the  i s o t r o p i c  than t o  the  mi r ro r  r e f l e c t i o n ,  and t h e r e f o r e  upon pass ing  from 
t h e  mir ror  r e f l e c t i o n  t o  the  r e f l e c t i o n  from t h e  r e a l  sea,  t h e  f i e l d  of  d i f -  
fused r a d i a t i o n  of  t h e  f irst  o r d e r  w i l l  come much c l o s e r  t o  the  f i e l d  above 

the  i s o t r o p i c a l l y  r e f l e c t i n g  s u r f a c e  wi th  an albedo of A (i) = R (8, i, q) C O S 8 d u  

and w e  can p r a c t i c a l l y  cons ider  t h a t  I (R) = I ' ( A ( i ) )  f o r  a l l  angles ,  inc lud-  

ing  the  d i r e c t i o n  o f  t he  mi r ro r  ray ,  and I(R) = I ' ( A ) ,  proceeding from i n -  
e q u a l i t y  (25) .  Let us  remark, i n c i d e n t i a l l y  t h a t  t h e  n o t i c e a b l e  d i f f e r e n c e  
between t h e  b r igh tnesses  of  t he  haze wi th  t h e  mi r ro r  and i s o t r o p i c  r e f l e c t i o n s  
f o r  0 = i has no s i g n i f i c a n c e  whatever,  i f  w e  a r e  i n t e r e s t e d  by a f u l l  r ad ia -  
t i o n ,  depar t ing  from t h e  upper boundary o f  t h e  atmosphere, and the  d i f fused  
r a d i a t i o n  may b e  gene ra l ly  d is regarded  (of course only i n  the d i r e c t i o n  of t h e  
mir ror  r a y ) .  Consequently, i n  t h e  case of t he  sea a l s o  we can pass  over  t o  
the  Lambertian s u r f a c e  wi th  an  albedo, determined according t o  formula ( 2 3 ) .  

/99 
( 2 X )  

1 1 

Because of  the  small va lue  o f  t he  w a t e r ' s  albedo, t he  haze i s  caused 
mainly by the  d i r e c t  d i f f u s i o n  i n  the  atmosphere, and consequently,  i s  l i t t l e  
s e n s i t i v e  t o  the change of  albedo, on which depends approximately 1/20th o f  i t .  
Therefore ,  i n  c a l c u l a t i n g  the  albedo according t o  formula ( 2 3 )  i t  is  q u i t e  
s u f f i c i e n t  t o  l i m i t  ourse lves  t o  the  f i rs t  term, the  more s o ,  because owing 
t o  the  smallness of t h e  o p t i c a l  th ickness  o f  t h e  atmosphere i t  i s  the  principal. 
one w i t h  any albedo o f  the  underlying s u r f a c e .  
fused r a d i a t i o n  above t h e  s e a  wi th  the  r e f l e c t i o n  c o e f f i c i e n t  R ( 0 ,  i , 4 )  i s  
equ iva len t  t o  the  f i e l d  above the Lambertian s u r f a c e ,  the  albedo of which i s  
determined wi th  R(0, i ,  $ ) with  the  genera l  formula (17) .  

In  t h i s  way the  f i e l d  o f  d i f -  
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PROBABILITY OF DETECTION OF CLOUDINESS AND UNDERLYING SURFACE 
BY THE IR-SYSTEM SIGNALS 

G. P. Vimberg, V. I .  lvanov and V. V. Puchkov 

ABSTRACT. 
tion of cloudiness over various types of underlying surface, 
and also over various radiating surfaces against the back- 
ground of the IR system's own noises. 
It is shown that the IR system,,installed on the Kosmos-122 
satellite provides a sufficiently high probability of de- 
tection of cloudiness against the background o f  radiation 
o f  the principle types of underlying surfaces and the system's 
own noises. The probabilities of detection, calculated 
according to the experimental laws of distribution o f  the 
IR system video signal, are higher than the probabilities 
calculated from the condition of the normalcy o f  these 
1 aws . 

The authors examined the poss i bi 1 i ties o f  detec- 

We know [ l ,  2 ,  31,  t h a t  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c  o f  t h e  e f f e c t i v e -  / lo0  
ness  o f  t he  use and t h e  q u a l i t i e s  o f  func t ion ing  of  t h e  t echn ica l  means of 
observat ion ( r a d a r ,  i n f r a r e d ,  t e l e v i s i o n ,  e t c . )  i s  connected f irst  o f  a l l  with 
the  eva lua t ion  o f  the  p r o b a b i l i t y  o f  de t ec t ion  o f  o b j e c t s  i n  the  zone o f  t h e i r  
ac t ion .  

The s o l u t i o n  of  t h i s  problem requ i r e s  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  t h e  
f l u c t u a t i o n  i n t e r f e r e n c e s  and use fu l  s i g n a l s  (laws o f  d i s t r i b u t i o n  and t h e i r  
numerical c h a r a c t e r i s t i c s  a t  the  inpu t  of t h e  te rmina l  l i n k  o f  the  observa t ion  
f a c i l i t y ) .  

Applicably t o  t h e  scanning IR-system of  a weather s a t e l l i t e  t h e  above- 
mentioned c h a r a c t e r i s t i c s  may b e  obtained on the  b a s i s  of  s t a t i s t i c a l  process-  
ing  of  t he  records o f  video s i g n a l s  from var ious  types o f  c loudiness ,  s e c t o r s  
of the  background, and t h e i r  combinations [4 ] .  

We s h a l l  assume, t h a t  t he  observer  ( the  te rmina l  l i n k  of  t he  system] knows 
the  laws o f  d i s t r i b u t i o n  of video s i g n a l s  from cloudiness  W(V/A ) ,  s e c t o r s  of 

the  background W(V/%) and t h e i r  numerical c h a r a c t e r i s t i c s  : mathematical ex- 

pec ta t ions  of  vo l tages  vel, V and d ispers ion  0' and 0:. 

c l  

- 

b cl  
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The l a w  of  d i s t r i b u t i o n  of  f l u c t u a t i o n  no i ses  (of the  IR-rece iver ,  r a d i o  
channel,  and the  r a d i a t i o n  from t h e  r ece iv ing  systems ' elements themselves) 
s h a l l  be considered normal wi th  the  mathematical expec ta t ion ,  equal  t o  zero 
and d i spe r s ion  0:. 

ground o f  r a d i a t i o n  o f  var ious  types o f  underlying s u r f a c e  ( sea ,  dry land ,  
e t c . ) .  

work o f  t he  terminal  l i n k ,  which makes the  dec is ion  o f  t he  presence of  a s i g -  
n a l ,  p e r t a i n i n g  t o  the  class o f  c loudiness  A 

p o s s i b l e ,  f o r  example the  spur ious  de t ec t ion  and omission of a s i g n a l  [l]. 

L e t  us determine t h e  problem o f  de t ec t ion  o f  c loudiness  aga ins t  t he  back- 

Since the  laws o f  d i s t r i b u t i o n  W(V/Acl) and W(V/%) over lap ,  i n  the  

o r  background %, e r r o r s  are c l  

P a. 
s.d. 

The p r o b a b i l i t y  o f  t hese  e r r o r s  i s  determined with the  fol lowing obvious 
r e l a t i o n s h i p s  : 

\ 

P r o b a b i l i t y  o f  saur ious  de t ec t ion  

The p r o b a b i l i t y  of  omission of  a s igna l  

0) 

In  these  r e l a t i o n s h i p s  V i s  the  threshold  value o f  vo l t age ,  e s t a b l i s h e d  0 
by t h e  observer  . 

Since the  range of t h e  values  of  t he  video s i g n a l  vo l tages  a t  the output  
o f  the  I R  system i s  l imi t ed  and i s  measured i n  t h e  [0,  Vmax] range, i n  t h e  

c a l c u l a t i o n  o f  p r o b a b i l i t i e s  o f  P 

may use the  approximate formulas 

and P on an e l e c t r o n i c  computer we s . d .  om 

1 2 1  



I < v b  

Value V i s  found from t h e  s o l u t i o n  o f  equat ion 0 

2 W (V/Ab! AV = C = const, 

2 W (VIA bAV=C=const, i f  

i f 

0 

The p r o b a b i l i t y  o f  de t ec t ion  o f  c loudiness  wit  

with the formula 

V >Vb 
cl 

vcl <vb 

a known 

(5) 

i s  determined 
1 

The r e s u l t s  o f  the  ca l cu la t ions  f o r  c e r t a i n  c h a r a c t e r i s t i c  combinations of 
c loudiness  and background are given i n  Table 1. 

A s  you can see from Table 1, i n  approximately 85% of the cases  the prob- / l o 3  
a b i l i t y  of de t ec t ion  o f  var ious  types o f  c loudiness  a g a i n s t  the background o f  
r a d i a t i o n  o f  t h e  p r i n c i p a l  types  of underlying s u r f a c e s  is s u f f i c i e n t l y  c lose  
t o  a un i ty ,  which i n d i c a t e s  t h e  high no i se  r e s i s t a n c e  of t he  i n f r a r e d  system 
with r e spec t  t o  t h e  background noises  examined. 

The phys ica l  explana t ion  o f  the law of values  o f  p r o b a b i l i t i e s  o f  detec-  
t i o n  f o r  s e v e r a l  combinations o f  cloudiness and, background ( f o r  example i n  t h e  
combination of  1-1, 2-1 ,  3-5, 6-5,  1-6) l ies  i n  t h e  small r a t i o  between t h e  
s i g n a l  from the  cloudiness  and the  s i g n a l  from the  background, and the  s imi la r  
values  o f  d i spe r s ions  o f  t hese  s i g n a l s ,  as a r e s u l t  of  which the  laws o f  d i s -  
t r i b u t i o n  of video s i g n a l s  f o r  the  above enumerated combinations over lap  a l -  
most completely [4]. In  eva lua t ing  t h e  o b s e r v a b i l i t y  o f  var ious  types o f  
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r a d i a t i n g  su r faces  aga ins t  t h e  background o f  the  system's  own no i ses  t h e  
threshold  vo l t age  i s  determined according t o  the  f i x e d  p r o b a b i l i t y  o f  spur ious  
de t ec t ion  P = c from the  r e l a t i o n s h i p :  s . d .  

V2 -n 
e n dVn 1 

2 
2 CI, (2) =- e-"dt where 

v; 0 

--is the  p r o b a b i l i t y  i n t e g r a l ,  

Where arg @(y)  = x is t h e  func t ion  oppos i te  of  y = @(x). The p r o b a b i l i t y  of  
co r rec t  de t ec t ion  of  t he  r a d i a t i n g  su r face  aga ins t  t he  background of  t he  
system's  own no i ses  i n  t h i s  case i s  ca l cu la t ed  wi th  the  formula 

The r e s u l t s  of  ca l cu la t ions  on the  b a s i s  o f  formulas (7) and (8) are given i n  
Table 2 .  

The above d a t a  i n d i c a t e ,  t h a t  t he  scanning I R  system of  the  meteorological 
= 1)  de t ec t ibn  of  the s a t e l l i t e  i n  75% of  the  cases  assures  t h e  r e l i a b l e  ( p  

p r i n c i p a l  types o f  r a d i a t i n g  su r faces  aga ins t  the  background of  t he  system's  
own no i ses .  This i n d i c a t e s  t he  h igh  p r o b a b i l i t y  o f  de t ec t ion  of r a d i a t i n g  
su r faces  by means o f  t h e  system examined. The r e l a t i v e l y  small values  of  pro- 
b a b i l i t y  o f  de t ec t ion  of  c e r t a i n  types of  r a d i a t i n g  su r faces  ( see  r a d i a t i n g  
su r faces  No. 8, 10 ,  17 i n  Table 2) aga ins t  t h e  background o f  t h e  I R  system's  
own noises  a r e  explained by t h e  small value of the  mathematical expec ta t ion  
of  the vol tage  of video s i g n a l  from these  su r faces  and i t s  s i g n i f i c a n t  desper- 
s i o n ,  as the  r e s u l t  o f  which the  laws of  d i s t r i b u t i o n  of  video s i g n a l s  agree 
with the  laws of no i se  d i s t r i b u t i o n .  Consequently, the h ighe r  i s  the  r a d i a t -  
i n g  su r face  loca ted ,  t h e  lower i s  i t s  r a d i a t i o n  temperature ,  and the  sma l l e r  
i s  the  p r o b a b i l i t y  of de t ec t ion  of  t h i s  r a d i a t i n g  su r face  aga ins t  t h e  back- 
ground o f  the  IR system's  own n o i s e s .  To e l imina te  t h i s  shortcoming, i . e . ,  
t o  i nc rease  the  p r o b a b i l i t y  o f  de t ec t ion  of  var ious r a d i a t i n g  s u r f a c e s ,  es- 
p e c i a l l y  wi th  r e l a t i v e l y  low r a d i a t i o n  temperatures ,  it is necessary t o  de- 
crease the noises  from t h e  I R  equipment and the r ad io  telemetric channel,  i . e .  
t o  ra ise  t h e  s e n s i t i v i t y  o f  t h e  system aga ins t  t h e  background of nega t ive  
temperatures .  

d e t  
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TABLE 1 .  PROBABILITY OF DETECTION OF CLOUDINESS AGAINST THE BACKGROUNDS OF w 
p\) 

e V A R I O U S  TYPES OF R A D I A T I N G  SURFACES - 
f Object  i 

0,700 
0,867 

.- I Rad ia t i ng  Surface 

1,000 
1,000 

a, c 
0 
u 
>- 
V 

- G-u  ' n u  tn 

's.d. 
0 1  

0,204 I 0,660 
0,663 0,814 

I I 
1 

Surface o f  the P a c i f i c  
0 cean 0,186 1 0,650 . o,oo5 0,670 1 0,205 

0,780 0,540 
I. 

0,880 '1 10-3 
0,998 10-1 

1 .  

2 .  

3 .  

4. 

5. 

6 .  

0,835 
0,910 

1,000 
1,000 

1,000 
1,000 

1,000 
0,947 

0,745 
0,900 

0,807 
0,928 

0,228 
0,615 

0,984 
1,000 

0,980 
1,000 

0,736 
0,984 

0,137 
0,493 

0,614 
0,704 

Med i t e  rranean Sea 0,998 11 1,000 
1,000 1 1,000 1,000 

1,000 
\ I 

I 

1,000 0,476 
1,000 ,, 0,663 

I 
10-3 
10-1 

Conti nent--Northern P a r t  . 

of A f r i c a  

Cont inent--Cent r a l  P a r t  0,613 
0,998 

o f  South America 

' 1,000 
1,000 

1,000 0,332 
l,ooo 0,722 10-3 

10-1 

10-1 
10-3 

10-3 

10-3 

10-1 

10-1 

1,000 
1,000 

1,000 
1,000 

1,000 
1,000 

0,986 
1,000 

0,100 
0,780 

0,844 
0.900 

0,785 0,288 
1,ooO I 0,660 

0,329 1,000 
0,730 1 1,000 

1 
: Cont inent- -Centra l  P a r t  , 

o f  European T e r r i t o r y  
of U S S R  

0,563 1 1,OO 
0,790 1,OO 

0,037 1 0,952 
0,663 1,000 

0,573 
0,997 

1 ,OOO 
1,000 

0,100 
0,980 

0,186 
0,400 

0,449 1 1,ooO 
0,781 I 1,000 

Cont i nent- -Nor theastern 
Caucausus 

y2 0,902 
1,000 

~ 

8 i - 1 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  



TABLE 2. P R O B A B I L I T Y  OF DETECTION OF VARIOUS TYPES OF RADIATING SURFACES 
AGAINST THE BACKGROUND OF THE I R  SYSTEM’S OWN N O I S E S  

0 r d  i na 1 
N umbe r 

1 .  

2. 

3. 

4. 

5 .  

6. 

7. 
8. 

9 .  
10. 

1 1 .  

12. 

13.  

14. 

15. 
16. 

17. 

18. 

19. 

20. 
-._. . .  

Type o f  R a d i a t i n g  Sur face  

F r o n t a l  Cloudiness Above the  P a c i f i c  Ocean 

S o l i d  S t r a t i f o r m  Cloudiness Above the P a c i f i c  Ocean 

S o l i d  Cumul i form & S t r a t i f o r m  Cloudiness Above 
Bel l ingshausen Sea 
Sur face o f  the P a c i f i c  Ocean Wi thou t  Cloudiness 

Sur face o f  the P a c i f i c  Ocean Wi th  I n s i g n i f i c a n t  
Cloudiness 

Wester Coast o f  South America (Dry Land) 

Cen t ra l  P a r t ’ o f  South America (Dry Land) 

T h i c k  Cumul i.form Cloudiness Above So. America 

Cumul i form Ce 1 1 s Above the  A t  1 an t i  c Ocean 

S o l i d  Cloudiness i n  t h e  Read o f  t he  Cyclone 
Above the A t l a n t i c  Ocean 

Cyclone Over the A t l a n t i c  Ocean 

Cumul i f o r m  Cloudiness w i t h  Breaks Over 
South America 

Cumul i f o r m  Cloudiness w i t h  Breaks Over 
South America 

Con t inen t  (Nor the rn  P a r t  o f  A f r i c a )  

Th ick  Cumul i form Cloudiness Over Turkey 

Northeas t e r n  Caucausus 

F r o n t a l  Cloudiness Above the European T e r r i t o r y  
o f  t he  U S S R  
Con t inen t  (Center o f  t he  European T e r r i t o r y  o f  
the USSR)  

Cyclone Over t h e  West S i b e r i a n  Lowlands 

Medi ter ranean Sea 

P -10-3 d -  

1 .ooo 
1 .ooo 
1 .ooo 

1 .ooo 

0.990 

1 .ooo 
1 .ooo 
0.115 

0.815 

0.144 

0.998 

0.878 

0.100 

1 .ooo 
1 .ooo 
1 .ooo 

0.252 

1 .ooo 

1 .ooo 
1 .ooo 

Pd = 10-1 L- 
1.000 

1 .ooo 
1 .ooo 

1 .ooo 

1 .ooo 
1 .ooo 
1 .ooo 
0.722 

1 .ooo 

0.970 

1 .ooo 

1 .ooo 

0.830 

1 .ooo 
1 .ooo 
1 .ooo 

0.927 

1 .ooo 

1 .ooo 
1 .ooo 

O n  t h e  curves i n  F i g u r e  1 we g i v e  t h e  r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  
of  d e t e c t i o n  of c loud iness  o f  s t ra tocumu lus  and cumulus forms a g a i n s t  t h e  back-  
ground 
v o l t a g e .  

of  t he  c o n t i n e n t s  and t h e  mathemat ica l  e x p e c t a t i o n  of  t h e  v i d e o  s i g n a l  
The laws o f  d i s t r i b u t i o n  of  t h e  v o l t a g e s  of  v i d e o  s i g n a l s  f o r  these 



s i t u a t i o n s  a r e  shown i n  F igure  2 ,  where with W1(V/Acl) w e  des igna te  the  l a w  of 

d i s t r i b u t i o n  o f  t he  s i g n a l  from the s o l i d  s t ra tocumulus c loudiness ,  with W2 
(V/A ) ,  t h e  d i s t r i b u t i o n  of t h e  s i g n a l  from t h e  cumulus cloudiness  with 

breaks ,  

with W(V ) ,  the  dens i ty  of d i s t r i b u t i o n  o f  t he  I R  sys tem's  own no i ses .  

c l  
W(V/%), d i s t r i b u t i o n  of  the  signal from the  su r face  o f  dry land ,  and 

n 

F 
C 
t 

0 10 20 30 40 50 6 

gure 1 .  
oud i ness 
nen t  on 

Ps .d .=l 0-3 

I 
1 

F 

Ps . d , =1O-1 

' R e l a t i v e  U n i t s  

tocumu 1 us 
the  Con- 

U n i t s  

F i g u r e  2.  Laws o f  D i s t r i b u t i o n  o f  Video S i g n a l s  f r o m  S o l i d  Stratocumulus 
Cloudiness, Cumulus Cloudiness w i t h  Breaks, and f rom t h e  Surface o f  Dry Land. 
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The ana lys i s  of  curves i n  Figure 1 shows t h a t  t h e  p r a c t i c a l l y  r e l i a b l e  / l o 6  
de tec t ion  of  the  above-mentioned forms of  c loudiness  a g a i n s t  t he  background of  
dry land i s  p o s s i b l e  i n  t h e  i n t e r v a l s  between 25 5 v - < 35 and 10 < - -  < 40 
r e l a t i v e  u n i t s .  The presence of  t he  drop of  curves i n  the  l e f t -hand  p a r t  o f  
t h e  diagrams i s  expla ined  by the  inf luence  o f  t h e  system's  own noises  on the  
p r o b a b i l i t y  of  de t ec t ion  of c loudiness .  The decrease o f  t he  p r o b a b i l i t y  of  
de t ec t ion  when v 1. 35 r e l a t i v e  u n i t s  and 

i r r e s p e c t i v e l y  i s  caused by t h e  e f f e c t  o f  f l u c t u a t i o n s  o f  t he  background r ad ia -  
t i o n .  

- > 40 r e l a t i v e  u n i t s ,  f o r  Figure 1 

In  Figures  3 and 4 we p r e s e n t  the  curves of t he  p r o b a b i l i t y  o f  de t ec t ion  
of cumuliform and cyc lonic  c loudiness  aga ins t  t he  background o f  the  s e a .  The 
laws of  d i s t r i b u t i o n  of  video s i g n a l s  corresponding t o  them are given i n  Figure 
5 ,  where W (V/A ) i s  the  l a w  o f  d i s t r i b u t i o n  o f  the  s i g n a l  f o r  the  cyc lonic  

c loudiness ,  W2(V/Acl) i s  the  l a w  f o r  c loudiness  of  t he  cumuliform types and 

W(V/A,) i s  f o r  t he  ocean su r face .  

1 c l  

The decrease o f  the  probabi l -  
i t i e s  of  de t ec t ion  i n  t h e  region 
of v < 10 r e l a t i v e  u n i t s  i s  caused 
as i t  was i n  the  prev ious ly  ex- 
amined cases ,  by the inf luence  o f  
t he  sys tem's  n o i s e s .  

The minimum of  p r o b a b i l i t y  of 
de t ec t ion  i n  the  f i e l d  o f  t h e  video 
s i g n a l  vo l tage  of about 40 r e l a t i v e  
u n i t s  i s  expla ined  by the  overlap-  
p ing  o f  t h e  laws of  d i s t r i b u t i o n  
o f  c loudiness  and backgrounds. 

u n i t s  
Figure 3 .  Dependence of t h e  P robab i l i t y  

The .do t t ed  curves i n  Figures 

condi t ion  t h a t  the  dens i ty  o f  t he  

o f  Detection o f  Cumul iform Cloudiness 
Against t h e  Background o f  t h e  Sea on t h e  1, and are obtained from the 
Video Signal L e v e l .  

p r o b a b i l i t i e s  o f '  s i g n a l s  from 
cloudiness  and backgrounds correspond t o  the  normal laws with the  same mathe- 
matical expec ta t ion  v and the  d i spe r s ion ,  as  i n  the experimental  laws of  d i s -  
t r i b u t i o n .  

The comparison o f  t h e o r e t i c a l  and experimental  de t ec t ion  curves i n d i c a t e s ,  /107 
t h a t  t h e  t h e o r e t i c a l  c a l c u l a t i o n  produces r e s u l t s  t h a t  are too  low. 



i 
Figure 4. 

A g a i n s t  the  Background o f  the Sea 
On the Video S igna l  Leve l .  

Dependence o f  the Prob- fh3 a b i l i t y  of Detec t i on  o f  the Cyclone 
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OUTGOING SHORTWAVE RADIATION FIELD ABOVE THE SEA 

K. S. S h i f r i n  and V .  Yu. Kolomiytsov 

ABSTRACT: The au thors  show, t h a t  the s u r f a c e  o f  an a g i t a t e d  
sea i s  much c l o s e r  t o  the  Lambert ian than t o  the m i r r o r  su r face .  
The r e f l e c t i o n  i n  the  maximum o f  the  s o l a r  g l i t t e r  ( w i t h  t he  
w ind  v e l o c i t y  o f  10 m/sec.) exceeds t h e  i s o t r o p i c  r e f l e c t i o n  
by o n l y  a few t imes,  whereas the  decrease o f  t h e  r e f l e c t i o n  
upon the  passage f rom the  q u i e t  water  to  waves amounts t o  
f o u r  o rde rs .  The ou tgo ing  shortwave r a d i a t i o n  f i e l d  (OSR) 
above an a g i t a t e d  sea, as i n d i c a t e d  by the  c a l c u l a t i o n s ,  is 
r e l a t i v e l y  l i t t l e  d i f f e r e n t  f rom the  f i e l d  above the  i s o t r o p i c -  
a l l y  r e f l e c t i n g  wa te r  su r face ,  and the  excess of i n t e n s i t y  i n  
the  s o l a r  g l i t t e r  does n o t  exceed 3.5  t imes f o r  a l l  the e l e -  
v a t i o n s  of t he  sun. The c o n t r i b u t i o n  o f  t he  d i f f u s e d  r a d i a t i o n  
i n  the  O S R  f i e l d  above the  sea i s  s u b s t a n t i a l  i n  any d i r e c t i o n  
and i t  cannot b e  d is regarded even i n  the  maximum o f  the  g l i t t e r ,  
where i t  i s  no s m a l l e r  than 30%. 

1 .  I n t r o d u c t i o n  

In  d i s t i n c t i o n  from the  smooth, watery s u r f a c e ,  where t h e  r e f l e c t i o n  i s  / l o 8  
completely determined by t h e  o p t i c a l  contents  o f  t he  water, t he  r e f l e c t i o n  from 
a wavy watery su r face  depends s u b s t a n t i a l l y  from the  type of  t h i s  s u r f a c e .  
Considering t h a t  t he  s u r f a c e  of  t he  s e a  r ep resen t s  a t o t a l i t y  of  a reas  s t a t i s -  
t i c a l l y  d i s t r i b u t e d  according t o  the  o r i e n t a t i o n s  and t ak ing  i n t o  account t h e  
r e f l e c t i o n  from each one of them according t o  t h e  laws of geometrical  o p t i c s ,  
C .  Cox and V .  Munk [ l]  according t o  - t h e  photographs of t he  sun g l i t t e r  from t h e  
a i r p l a n e ,  ob ta in  t h e  func t ion  of  d i s t r i b u t i o n  of t h e  p l a i n  elements of t h e  water 
su r face  according t o  the  s lopes .  Yu. R .  Mullamaa [ 2 ,  31 by means of  t h i s  func- 
t i o n  examined the  t r a n s f o r d a t i o n  o f  r a d i a t i o n  a t  t h e  boundary between t h e  a i r  
and the  s e a ,  i n  p a r t i c u l a r  ca l cu la t ed  the  c o e f f i c i e n t  o f  r e f l e c t i o n  from t h e  
sea with var ious v e l o c i t i e s  and d i r e c t i o n s  of t he  wind. Using these  d a t a ,  
G .  V .  Rosenberg and Yu. R .  Mullamaa [4] i n v e s t i g a t e d  the  r a d i a t i o n  f i e l d ,  r e -  
f l e c t e d  from t h e  s e a .  Disregarding the  inf luence  of t h e  atmosphere they as- 
sumed t h a t  t he  outgoing shortwave r a d i a t i o n  (OSR) f i e l d  has the  same s t r u c t u r e  
and s t u d i e d  the  p o s s i b i l i t i e s  o f  determinat ion of t h e  wind-speed above t h e  s e a  
by observa t ion  from a s a t e l l i t e  o f  t he  s p e c i f i c  f e a t u r e  of  t he  s t r u c t u r e  o f  t h i s  
f i e l d ,  connected with t h e  s o l a r  and luna r  g l i t t e r .  They base  t h i s  p o s s i b i l i t y  
on the fac t  t h a t  i n  t h e i r  op in ion ,  t h e  s o l a r  and l u n a r  g l i t t e r  are concentrated 
i n  a small reg ion  o f  angles .  
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To determine the  wind v e l o c i t y  v G .  V .  Rosenberg and Yu. R .  Mullamaa 
recommended t h e  use o f  two parameters :  displacement o f  t he  maximum o f  b r i g h t -  
ness  o f  t he  g l i t t e r  towards t h e  horizon,  growing r a p i d l y  wi th  the inc rease  o f  
v and t h e  t r ansve r se  g r a d i e n t  o f  b r igh tness .  
t o  t he  d a t a  o f  work [4], t h e  values  of  Omax,  t h e  angle  of t he  maximum b r i g h t -  

ness  o f  t he  g l i t t e r ,  i n  r e l a t i o n  t o  v and the  zen i th  d i s t ance  o f  t h e  sun i 
( f o r  the mi r ro r  s u r f a c e  8 = i ) .  

I n  Table  1 w e  p r e s e n t ,  according 

max 

0 0 1,5 3,5 7 44 47 53 >90 
20 21 23 27 33 59 66 >90 >90 

>90 
>90 

Tr. Note: Commas ind ica t e  decimal points. 
We s h a l l  s e e  l a t e r ,  t h a t  t hese  conds idera t ions  on t h e  s t r u c t u r e  of  t h e  

OSR f i e l d  above t h e  sea, obta ined  without t ak ing  i n t o  cons idera t ion  t h e  i n -  
f luence  of  t he  atmosphere, r e q u i r e  important c o r r e c t i o n s .  We s h a l l  demonstrate,  / l o 9  
t h a t  because o f  t he  smallness  of t he  c o e f f i c i e n t  o f  r e f l e c t i o n  from the  sea 
the  r e l a t i v e  r o l e  of  d i spe r s ion  i n  the  atmosphere is q u i t e  s i g n i f i c a n t .  
atmosphere smooths ou t  apprec iab ly  the  an iso t ropy  o f  t he  r e f l e c t i o n .  
p re sen t  work we s h a l l  take t h i s  in f luence  i n t o  account.  
e a r l i e r ,  the  problem examined was s tud ied  i n  work 151. The p r i n c i p a l  purpose 
o f  ou r  work, which was c a r r i e d  out  i n  connection wi th  the  t a s k  of determinat ion 
of t h e  OSR f luxes  according t o  the  measurements from s a t e l l i t e s ,  w a s  t h e  analy-  

t i o n  on the  OSR f i e l d .  

The 
In  the  

Let us no te ,  t h a t  

. sis o f  t he  in f luence  of  d i f f u s i o n  i n  the atmosphere and anisotropy o f  r e f l e c -  

2 .  Reflect ion from a Sea W i t h  Waves. Comparison w i t h  t h e  Mirror and I s o t r o p i c  
Ref 1 e c t  ion 

Let us  examine t h e  OSR f i e l d  above t h e  sea wi th  a medium wind v e l o c i t y  
(v  = 10 m/sec), us ing  t h e  r e f l e c t i o n  c o e f f i c i e n t s  R ( 8 ,  i ,  +), c a l c u l a t e d  i n  
work 1-51. The su r face  o f  t h e  s e a  s h a l l  be considered i s o t r o p i c ,  i . e .  , w e  s h a l l  
no t  t ake  i n t o  account t h e  dependence of the  r e f l e c t i o n  c o e f f i c i e n t  on t h e  wind 
d i r e c t i o n .  
real  sea it  i s  i n t e r e s t i n g  t o  compare the  i s o t r o p i c  mir ror  and real  r e f l e c t i o n s  
from t h e  s e a .  L e t  us  examine f irst  t h e  mi r ro r  r e f l e c t i o n .  Here, we have 

To ga in  a concept on t h e  anisotropy o f  the r e f l e c t i o n  from t h e  

_- - _ _  - - _ _  __ ___ - -- - __ _- -  
lsymbol E s i g n i f i e s  t h a t  8 and + l i e  wi th in  a c e r t a i n  s o l i d  angle dw around 

t h e  d i r e c t i o n  O = i ,  c$ = 0. 
0 

130 



are t h e  i n t e n s i t i e s  of the  d i r e c t  and r e f l e c t e d  r ad ia -  Here I ( i )  and Io 

t i o n  on the  level  o f  t h e  underlying su r face ,  r ( i )  i s  the  F r e s n e l ' s  energy co- 
e f f i c i e n t  f o r  water . 

d i r  
d i  r 

On t h e  o t h e r  hand, according t o  the  determinat ion o f  the r e f l e c t i o n  co- 
ef f i  c i  en t 

where E ( i )  i s  t h e  i l luminance by d i r e c t  r a d i a t i o n .  This i l luminance is  de- 

termined by t h e  formula 
d i  r 

Edir(i)=/. dlr  COS idmo. 

S u b s t i t u t i n g  (3) i n  (2)  and comparing wi th  (1) 

Since the  angular  dimension of  t he  sun 2 m  = 3 2 ' ,  then 

(31 

The value o f  F r e s n e l ' s  energy c o e f f i c i e n t  f o r  water  (n = 1.34) and R 
c o e f f i c i e n t  a r e  given i n  Table 2 (second and t h i r d  l i n e s ) .  

TABLE 2 .  

i o . .  . . . . . . . . .  0 20 40 60 80 
r ( i )  . . . . . . . .  .0,02 0,02 0,025 0,06 0,35 
10-2.R(i , i ,O)  l / s t e r . 2 , 9  3 , l  4,7 18 310 
A ( I )  . . . . . . . . .  0,027 0,028 0,034 0,064 0,22 
lO?-R,(i , i ,O) lister . 3,4 3,6 7,O 40 lo00 

- . .  

Tr .  note:  Commas i n d i c a t e  decimal po in t s .  
The comparison of t hese  values  wi th  the  values  of  t he  r e f l e c t i o n  c o e f f i c i -  /110 

ent  from a wavy sea, given i n  [ S I ,  i n d i c a t e s ,  t h a t  i n  the  presence of  waves the  - 
br igh tness  o f  t he  s o l a r  g l i t t e r  i n  the  maximum i s  f o u r  o rde r s  smaller than  i n  
t h e  case of  mi r ro r  r e f l e c t i o n .  The same circumstances may b e  formulated i n  a 
d i f f e r e n t  way a l s o :  f o r  t h e  q u i e t  sea a l l  the  r e f l e c t e d  r a d i a t i o n  i s  concent ra t -  
ed i n s i d e  the  s o l i d  angle  duo around the  d i r e c t i o n  0 = i ,  $I = 0,  then f o r  t he  
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wavy sea (v = 10 m/sec> in .  t he  s o l i d  angle  only one t en  thousandths o f  t h e  re- 
f l e c t e d  r a d i a t i o n  i s  concentrated.  Indeed, mul t ip ly ing  the  l e f t -  and r i g h t  
members o f  the  equat ion  (2) by cosine 0 
a r b i t r a r y  s o l i d  angle  w - < 2.rr w e  ob ta in  

and i n t e g r a t i n g  with r e spec t  t o  the  

n 

where A 

E d i r  

i s  the  r e l a t i o n s h i p  of t he  energy r e f l e c t e d  i n  the  s o l i d  angle t o  
w 

(i). The va lue  

s i g n i f i e s  t he  s h a r e  of  t h e  energy, r e f l e c t e d  i n  t h e  s o l i d  angle  w 

o-2n ). Hence f o r  t he  s o l i d  angle  dw around the d i r e c t i o n  ( e = i ,  0 when 

4 = 0 )  we have 

I f  you have a mi r ro r  r e f l e c t i o n ,  then A(i)  = r ( i ) ,  R ( i ,  i ,  0)  i s  expressed 

by the  formula (4) and Adwo /A = 1, j u s t  as i t  should b e .  

For a wavy sea wi th  the  wind v e l o c i t y  of  10 m/sec. t he  magnitudes of 
/ R ( B , i , r p ) c s e d w  value R (i , i ,O) and t h e  d i r e c t  r a d i a t i o n  albedo A( i )  = 

is  taken from work IS ] .  They are i n d i c a t e d  i n  t h e  4 th  and 5 th  l i n e s  of  Table 
2 .  

V 

S u b s t i t u t i n g  a l l  the  values i n  formula (8) w e  ob ta in  f o r  a l l  t h e  i 

Ap,O a 10-4, 
A 

i . e .  , the  . r e f l e c t i o n  from the  wavy s e a  d i f f e r s  
f l e c t i o n .  This  i s  a l s o  v e r i f i e d  by the  d i r e c t  

(9) 

very much from t h e  mir ror  r e -  
examination of  func t ion  
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( 8 ,  i , $ ) .  From t h e  d a t a  of  work [5] it fo l lows ,  t h a t  t h e  c o e f f i c i e n t  of  re- 
f l e c t i o n  decreases  smoothly and r a t h e r  slowly upon the de iva t ion  from t h e  
d i r e c t i o n ,  corresponding t o  t h e  maximum r e f l e c t i o n .  Thus, f o r  example, t h e  
region of  angles f o r  which the  r e f l e c t i o n  c o e f f i c i e n t  decreases  only two times 
with r e spec t  t o  t h e  maximum value ,  amounts approximately t o :  from 9 t o  45" wi th  
r e spec t  t o  e and from -30 t o  +30° wi th 'kespec t  t o  $ when i = 20" 
90" wi th  r e spec t  t o  e 
These regions of  t h e  angles  form s o l i d  angles ,  equal  t o  0.30 and 0.45 s t e r a d i a n  
f o r  i = 20" and f o r  i = 40", r e s p e c t i v e l y ,  the  l a s t  d i g i t  having t o  be  inc reas -  
ed a t  the  expense of a p a r t  of t he  g l i t t e r  1ocated.beyond t h e  horizon (when 
i = 40" t h e  r e f l e c t i o n  maximum l ies  nea r  t h e  hor izon) .  

from 30 t o '  
and from -15 t o  +15" with r e spec t  t o  0 when i = 40". 

L e t  us t a k e  a c i r c u l a r  cone wi th  an opening of  28 and an ax i s  d i r e c t e d  /111 0 
along t h e  mir ror  r ay .  L e t  us des igna te  t h e  s o l i d  angle  a t  the apex o f  t h e  
cone with w .  Let us in t roduce  the  system o f  coord ina tes ,  connected wi th  the  
ax i s  o f  t h e  cone., Then, f o r  the  d i r e c t i o n s ,  l y ing  wi th in  w, 0 < 0 < e 
0 - -  < I$ < 2 7 ~ ;  l e t  y be  the  angle  between the  a r b i t r a r y  ray wi th in  the  w and t h e  

normal n t o  the s u r f a c e  a t  the  p o i n t ,  where the  apex of  t he  cone is  loca ted ,  

- 0 '  - 

+ 

cos 7 = cos 8 cos i + sin 0 sin icos 7. 
(10) 

With the  new des igna t ions  formula (7) w i l l  assume the  fol lowing appearance 

Here E i s  the  c e r t a i n  average value o f  t he  r e f l e c t i o n  c o e f f i c i e n t  f o r  t h e  s o l i d  
angle w .  In  the  case of the  i s o t r o p i c  r e f l e c t i o n  

Let i = 2 0 ° ,  eo = 20" ,  then according t o  formulas (11) and (12) w e  f i n d  

The eva lua t ions  performed i n d i c a t e ,  t h a t  i n s i d e  our  cone t h e  r e f l e c t i o n  
from t h e  wavy s e a  exceeds t h e  i s o t r o p i c  r e f l e c t i o n  by only s e v e r a l  t imes,  where- 
as i n  pass ing  from q u i e t  water t o  waviness the  r e f l e c t i o n  i s  decreased by four  
o rde r s .  This  s i g n i f i e s ,  t h a t  t he  s u r f a c e  o f  t he  sea i s  much c l o s e r  t o  t h e  
Lambertian than t o  the  mi r ro r  type .  I n  t h i s  wave t h e  " s o l a r  g l i t t e r "  occupies 
q u i t e  a l a r g e  s e c t i o n  o f  t h e  angles  (and n o t  a small one as claimed i n  work [4]) 
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it does not  have a sha rp ly  expressed maximum, e s p e c i a l l y  wi th  wind 
v e l o c i t i e s  v > 5 m/sec, and low l y i n g  sun ,  when t h e  maximum l ies  n e a r  t h e  
horizon o r  even goes beyond the horizon ( see  Table  l ) ,  and f i n a l l y ,  when v = 
= 10 m/sec., t he  b r i g h t n e s s  of  t h e  g l i t t e r  with respect t o  t h e  o rde r  o f  magni- 
tude i s  comparable wi th  t h e  b r igh tness  o f  t h e  i s o t r o p i c a l l y  r e f l e c t i n g  sea 
with the  same albedo. L e t  us no te  t h a t  t h e  displacement o f  t h e  maximum with 
t h e  s o l a r  g l i t t e r  towards t h e  horizon is c lose ly  r e l a t e d  wi th  the  inc rease  o f  
i t s  angular  dimensions. Indeed, upon the  appearance o f  wind t h e  maximum i s  
de f l ec t ed  from the d i r e c t i o n  of  t h e  mir ror  ray towards g r e a t e r  angles ,  because 
t h e  r e f l e c t e d  r a d i a t i o n  begins  t o  r ece ive  a cons iderable  con t r ibu t ion  by the  
t i l t e d  p la t forms  owing t o  the  growth o f  the  F resne l ’ s  r e f l e c t i o n  c o e f f i c i e n t  
wi th  t h e  inc rease  o f  t h e  angle  o f  inc idence .  The same circumstance resul ts  i n  
a b l u r r i n g  o f  t h e  g l i t t e r ,  s i n c e  t h e  r e f l e c t i o n ,  i n c r e a s i n g  wi th  angles of 0 > 
> i and + “ 0 ,  decreases  i n  t h e  mir ror  d i r e c t i o n  r a t h e r  slowly because,  a l -  
though t h e  r e f l e c t i o n  from the  ho r i zon ta l  areas i s  smaller, t h e i r  number i s  
g r e a t e r  than t h a t  of the  t i l t e d  ones.  Moreover, t h e  pu re ly  geometrical  f a c t o r  
i nc reases  t h e  angular  dimensions o f  t h e  s o l a r  g l i t t e r .  This  follows from the  
w e l l  known f a c t  upon t h e  t u r n  of t h e  mir ror  by an angle  a t h e  r e f l e c t e d  ray  
tu rns  by an angle  o f  2a. Therefore ,  i f  the  s lopes  o f  t h e  areas of the  water 
su r face  l i e  w i th in  the bounds of  0 t o  _+a, t he  r e f l e c t e d  l i g h t  occupies t h e  . 
region of angles 

3 .  S y s t e m  fo r  Calcula t ing  the  O S R  F i e l d  

In  work [6] we show t h a t  t h e  d i f f u s e d  r a d i a t i o n  f i e l d  above the  s e a  i s  
equiva len t  t o  the  f i e l d  above t h e  Lambertian s u r f a c e  wi th  a d i r e c t  r a d i a t i o n  
albedo 

Let us no te  a t  Once, t h a t  f o r  water i n  t h e  shortwave region of  t h e  spec t -  
trum, w e  can d i s r ega rd  t h e  dependence of the  complex index o f  r e f r a c t i o n  on tile 
wavelength, t h e r e f o r e  the  r e f l e c t i o n  c o e f f i c i e n t  R ( 0 ,  i ,  +) and albedo A(i)  
a r e  cons tan t  i n  t h e  e n t i r e  s p e c t r a l  range of  0 . 4  1-1 < X < 2 . 5  1-1. Upon t h e  change 
of  the  wind v e l o c i t y ,  i n t e g r a l  (14) w i l l  change l e s s  th& funct ion  R ( 0 ,  i ,  +), 
moreover, as we have mentioned i n  work [6 ] ,  t he  in f luence  o f  t h e  albedo on the  
d ispersed  r a d i a t i o n ,  because of  i t s  smal lness ,  i s  i n s i g n i f i c a n t .  Therefore ,  
with good s u b s t a n t i a t i o n  w e  can cons ider ,  t h a t  upon the  change of  t h e  wind velo-  
c i t y  only t h e  r e f l e c t i o n  of the  d i r e c t  r a d i a t i o n  is  changed, while  t h e  d i f fused  
r a d i a t i o n  wi th  a l l  v e l o c i t i e s  i s  determined by t h e  values  of  t h e  albedo f o r  
v = 10 m/sec. ( see  Table 2 ) .  As f o r  r e f l e c t i o n  o f  d i f f u s e d  r a d i a t i o n  from the  
sea s u r f a c e ,  inasmuch as it  f a l l s  on the  s u r f a c e  a t  a wide s o l i d  angle (from 
the  h a l f  s p h e r e ) ,  t h e  an iso t ropy  o f  i t s  r e f l e c t i o n  w i l l  be.much smaller than 
i n  d i r e c t  r a d i a t i o n .  Therefore ,  w e  s h a l l  cons ider  t h a t  t h e  d i f fused  r a d i a t i o n  
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is  de f l ec t ed  i s o t r o p i c a l l y  wi th  the  albedo A = 0.066, equal  t o  the  albedo o f  

t he  uniformly luminescent sky above the mi r ro r - l i ke  r e f l e c t i n g  water. Taking 
t h e  above i n t o  account,  f o r  t h e  s p e c t r a l  i n t e n s i t y  o f  r e f l e c t i o n  on the  upper 
boundary o f  t he  atmosphere I w e  have 

P 

ab 

Here 

the  r e f l e c t e d  d i r e c t  r a d i a t i o n  
m 

1: (A, 0, i) = ".;E E,, (i, 2 )  T (/., 0) 1 
0 

i s  t h e  r e f l e c t e d  r a d i a t i o n  of t he  s k y ,  

I ( A ,  e ,  +, i )  i s  the  b r igh tness  o f  t h e  haze on the upper boundary D We 

add, t h a t  i n  formulas (16) and (17) t h e  des igna t ions  a re :  E H (  A ,  i )  i s  the  

i l luminance of the s u r f a c e  of t he  s e a  wi th  d i f fused  l i g h t ,  

m 

E , (X. i)==l, ,( i)T(i ,  i) I cos i 
0 

dir 

i s  the  flow of d i r e c t e d  r a d i a t i o n  through the ho r i zon ta l  area on the  l e v e l  of  

t h e  underlying su r face ,  T (3L,8) I a r e  s p e c t r a l  func t ions  of t ransmission,  

i n  t h e  d i r e c t i o n  of 0 towards the  zen i th ,  I ( A )  a r e  s p e c t r a l  values  of  a s o l a r  

constant  (see f o r  example [ 7 ] ) .  

m 

0 

0 

We s h a l l  n o t  g ive  formulas f o r  func t ions  I and E ob ta ined  f o r  t he  D H '  
s tandard  r a d i a t i o n  model of t he  atmosphere i n  works [8 ] ,  [9] ,  and w i l l  no t e  
only t h a t  both values  are c a l c u l a t e d  when A = A ( i ) .  I n t e g r a t i n g  wi th  r e spec t  1113 
the  spectrum the  r e l a t i o n s h i p s  (15)-(17) ,  we f i n d  t h e  OSR f i e l d  on the upper 
boundary o f  the atmosphere above t h e  s e a :  



2.5 03 

0,066 10” (0, i) = E, (k, i) T (I., 0 )  I di.. 
0,4 0 

~ 

0,0518 
0,0442 
0,0272 
0,0266 

Let us stress once again,  t h a t  on t h e  c o e f f i c i e n t  o f  r e f l e c t i o n ,  and con- 
sequent ly  on t h e  wind v e l o c i t y  depends only  the  r e f l e c t e d  d i r e c t  r a d i a t i o n ,  
t he  c a l c u l a t i o n  of which wi th  known c o e f f i c i e n t s  of  r e f l e c t i o n  and t h e  func- 
t i o n s  o f  t ransmiss ion  o f  t he  atmosphere i s  not  d i f f i c u l t  a t  a l l .  The values 
of  t he  i n t e g r a l  b r i g h t n e s s  of  the  haze I 

obtained on the  b a s i s  of t h e  numerical  c a l c u l a t i o n s ,  performed by us i n  [ 9 ] .  

and a l s o  t h e  func t ions  I H  were D’ 0 

0,0349 0,0245 
0,0325 
0,0305 
0,0331 

In  Table  3 we give  t h e  values  o f  t he  OSR f i e l d  on the  upper boundary o f  
t he  atmosphere above t h e  s e a  wi th  v = 10 m/sec; t he  corresponding flows 

0 
30 
90 

180 

and the  albedo, adopted i n  the  c a l c u l a t i o n  o f  d i f fused  r a d i a t i o n ,  a r e  given i n  
Table 4. 

0,0389 

TABLE 3. INTEGRAL OSR F I E L D  ON THE UPPER BOUNDARY OF THE 

ATMOSPHERE ABOVE THE SEA l a b ( e ,  i ,  4) ca l /cm2-min*s ter .  

0,0303 

0,0126 
0,0142 

0,0193 
0,466 

0,0276 
\0,0348 

0,0989 
0,282 

0,0402 
0,0745 

0,0508 

e 

0,0106 

45 

0,0689 
0,0389 
0,0258 
0,0287 

0 
30 
90 

180 

0,0175 

e 
- .. . 

45 

0,0651 
0,0287 
0,0216 
0,0266 

75 1-0 

. .  

Tr .  note:  Commas ind ica t e  decimal p o i n t s .  

- 

60 

0,0703 
0,0374 
0,0311 
0,0337 

-- . . .. 
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T A B L E  4.  

i o . .  . . . . . . . . .  20 40 60 80 
F'ab cal/cm' m i n  .0,102 0,102 0,101 0,075 
A ( I )  . . . . . . . .  .0,028 0,034 0,064 0,22 

Tr.  Note: Commas ind ica t e  decimal po in t s .  

4 .  T h e  So la r  Gl i t te r  on t h e  Upper  Boundary of t h e  Atmosphere. Comparison /114 
w i t h  t h e  Lambertian Sea. 

The c a l c u l a t i o n s  performed i n d i c a t e  the  r e l a t i v e l y  slow angular  var ia-  
t i o n s  of  the  i n t e n s i t y  o f  t he  outgoing shortwave r a d i a t i o n  and the  absence o f  
sharp ly  expressed maxima, which agrees  q u i t e  w e l l  wi th  ana lys i s  o f  t h e  coef- 
f i c i e n t  o f  r e f l e c t i o n  of  t he  s e a  (see S2).. Inasmuch as the  an iso t ropy  o f  t h e  
OSR f i e l d  above the  s e a  i s  c a l l e d  no t  only by the presence o f  the  " s o l a r  
g l i t t e r " ,  b u t  a l s o  by the  d i f f u s i o n  i n  the  atmosphere, t o  s e p a r a t e  these  fac- 
t o r s  i t  i s  s e n s i b l e  t o  car ry  ou t  t h e  comparison of  t he  r e s u l t s  ob ta ined  
(Table 3 )  with the  OSR f i e l d  above the  Lambertian Sea wi th  t h e  same albedo. 
More p r e c i s e l y ,  because t h e  s o l a r  g l i t t e r  i s  caused by the  r e f l e c t i o n  o f  only 
d i r e c t  r a d i a t i o n ,  t he  case o f  t he  Lambertian Sea w i l l  be  obta ined ,  by r ep lac -  
i ng  R(O,c#Jyi) i n  formula (20) by A ( i ) / v y  

Inasmuch as  the  o t h e r  components of  t h e  f i e l d  do not  depend on the  type 
o f  t he  c o e f f i c i e n t  of  r e f l e c t i o n ,  f o r  the i n t e g r a l  i n t e n s i t y  of  the  outgoing 
r a d i a t i o n  on t h e  upper boundary of t he  atmosphere above t h e  Lambertian Sea,  
we have 

The comparison o f ' i n t e n s i t i e s  of  I and I;b makes i t  p o s s i b l e  f o r  us t o  ab 
judge on t h e  con t r ibu t ion  o f  t he  unisotropy o f  r e f l e c t i o n  i n  the  OSR f i e l d .  
In  Table 5 we gave t h e  r e l a t i o n s h i p  of t hese  values  Fi(8,c#J) = Iab/IAb and 

a l s o  the mean value T i and d i spe r s ion  cs f o r  each i .  
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TABLE 5. Comparison w i t h  t h e  Lambertian Sea 

1,79 
1,53 
0,901 
0,806 

'p 

0,980 
0,913 
0,838 
0,846 

0 
30 
90 

180 

'p 

- 
i = 20°, f = I,%, G = 0,27 

i = 60°, F= 0,915, a = 0,40 
e 

75 O -~ I 4j - 1 .  

0 

1,30 

0,716 

e 
- . . ... _ 

1.16 
0,843 
0,764 
0,784 

0 
30 
90 

180 

0,735 2,06 2,79 
0,963 0,960 
0,785 0,918 
0,818 0,934 

i = 40°, y= 0,961, a = 0,29 

_ _ _ ~  
0 

0,851 

e 

'I5 

2,24 
1,26 
0,806 
0,822 

- 
i = 80°, f = 0,860, 

. 

e ___ -. 

0 I 45 
.~ .- 

I 

60 

1,96 
1.04 
0,852 
0,862 

G = 0,35 
~- 

- 

75 
- - 

3,40 
0,979 
0,920 
0,933 

T r .  Note: Commas i n d i c a t e  decimal points. 
From Table 5 w e  can s e e  t h a t  t h e  b r igh tness  f i e l d  above the  r e a l  s e a  

d i f f e r s  r e l a t i v e l y  l i t t l e  from the f i e l d  above the  i s o t r o p i c a l l y  r e f l e c t i n g  
water  su r face ,  while t h e  excess of  t h e  i n t e n s i t y  i n  t h e  s o l a r  g l i t t e r  does no t  /115 
exceed 3-3.5 times f o r  a l l  t he  i .  The OSR flows f o r  both cases  p r a c t i c a l l y  
coincide.  The absence o f  a sharp  change o f  t h e  f i e l d  upon the  replacement of  
t h e  i s o t r o p i c  r e f l e c t i o n  o f  the  s o l a r  g l i t t e r  i s  explained on the  one hand by 
the  r ap id  b l u r r i n g  o f  t he  g l i t t e r  upon the  passage from the  q u i e t  s e a  t o  the  
wavy'  sea, and on the  o t h e r  hand by the  smallness  o f  the  albedo of  t he  sea, 
which makes a s u b s t a n t i a l  con t r ibu t ion  t o  the  d i f f u s e d  r a d i a t i o n ,  sc reening  
t h e  d i r e c t  r a d i a t i o n  r e f l e c t e d .  The l a t t e r  circumstance i s  i l l u s t r a t e d  i n  
Table 6 ,  i n  which w e  g ive  t h e  r e l a t i o n s h i p  between the  b r igh tness  (dependent 
only on the  d i f f u s i o n  i n  the  atmosphere) and the  f u l l  i n t e n s i t y  of  t h e  outgo- 
i n g  r a d i a t i o n .  I t  i s  c h a r a c t e r i s t i c ,  t h a t  the  con t r ibu t ion  o f  the  d i f fused  
r a d i a t i o n  t o  the  OSR f i e l d  i s  s u b s t a n t i a l  under any angles  i ,  8 and $ and i t  
cannot be d is regarded  even i n  the  maximum of  t h e  g l i t t e r ,  where i t  is  less than 
30%. Hence it fo l lows ,  t h a t  with the  growth o f  t he  albedo o f  the  underlying 
su r face  t h e r e  w i l l  b e  an inc rease  o f  t he  s e n s i t i v i t y  o f  t he  OSR f i e l d  towards 
the  unisotropy o f  the  r e f l e c t i o n ,  inasmuch as the  con t r ibu t ion  of  t h e  d i f fused  
r a d i a t i o n  w i  11 drop. 

Upon the  comparison o f  func t ions  I and I '  we a r e  s t ruck  by the  ab- a3 ab 
sence of  the  q u a l i t a t i v e  d i f f e rences  i n  t h e i r  behavior  wi th  medium and l a r g e  
zeni th  d i s t ances  o f  t h e  sun and the  presence of  t h e  maximum o f  func t ion  I 

with small i (Figures  1 and 2 ) .  This i s  expla ined  by the  displacement o f  t h e  
maximum of  the  s o l a r  g l i t t e r  t o  the  horizon and i t s  b l u r r i n g .  Actua l ly ,  with 

ab 
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i > 40" the  maximum o f  t h e  c o e f f i c i e n t  of  r e f l e c t i o n  l i es  beyond the  horizon,  
ana the re fo re  the  i n t e n s i t y  o f  the  r a d i a t i o n  inc reases  monotonously with the  
inc rease  o f  e i n  t h e  azimuth o f  t he  mir ror  ray  (@ = 0 ) .  

0,45 

0,40 

935 

930 

425 

420 

w 5  

QfO 

I cal/cm2 m i n e s t e r  
- 
- 
- 
- 
- 
- 

- 

- 
I I I I J  

15 30 45 60 758 

F i g u r e  1 .  Brightness of t h e  Outgoing 
Radiation ( Z e n i t h  Distance of t h e  S u n  
is  20" ) .  1 , lab;  2 ,  I:b. 

Even f o r  small  zen i th  d i s -  
tances  o f  the  sun,  when t h e  g l i t t e r  
i s  loca ted  f a r  from the  hor izon ,  
and i t s  maximum may be  f i x e d ,  w e  do 
n o t  observe a sha rp  drop i n  i n -  
t e n s i t i e s .  Thus, with i = 2 0 " ,  

2 I cal/cm m i n  

p=i8Oo 

ter .  

z p  =OD 

F i g u r e  2 .  B r i g h t n e s s  of t h e  Outgoing 
Radiation ( Z e n i t h  Distance of t h e  S u n  
is 80") .  T h e  conventional designat ions 
a r e  t h e  same as  i n  F i g u r e  1 .  

t h e  r a t i o  between the  maximum and the minimum br igh tnesses  amounts t o  about 
0 . 5 ,  and t h a t  only wi th  small e ( see  Figure l ) ,  wi th  l a r g e r  e however, t h e  
g l i t t e r  "does no t  have enough time" t o  reach the  minimum because o f  t he  i n -  
c reas ing  r o l e  o f  t he  haze ,  t h e r e f o r e  t h i s  r a t i o  inc reases  t o  0.67. Let us  note /116 
t h a t  i n  the  s o l a r  v e r t i c a l  t he  angular  dimensions o f  t he  g l i t t e r  (from minimum 
t o  minimum) amounts t o  60". I t  is necessary t o  b e a r  i n  mind t h a t  inasmuch as 
the  O S R  flows above t h e  Lambertian and the r e a l  s e a  p r a c t i c a l l y  co inc ide ,  the  
change i n  t h e  b r igh tness  i n d i c a t r i x  with a f i x e d  albedo r e s u l t s  only i n  t h e  
r e d i s t r i b u t i o n  o f  the i n t e n s i t y  o f  the  outgoing r a d i a t i o n  according t o  the  
angles .  This  i s  r e f l e c t e d  i n  t h e  f a c t  o f  i n t e r s e c t i o n  o f  the  su r faces  Iab 

( e , @ )  and IAb(0,@) f o r  any i. 
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T r  
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0,625 0,810 
0,988 0,994 
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T A B L E  6. C O N T R I B U T I O N  OF THE DISPERSED R A D I A T I O N  I N  THE OSR F I E L D  

ABOVE THE SEA.  v = 10 m/sec. l r / lab = lo H + ID/lab, 

0,573 0,417 0,849 

0,842 0,997 
0,486 0,911 

0,966 1 ,oo 

~. 
1 = 200 I 

0,733 
0,984 

0 0,989 0,395 0,346 1 ,oo 
30 0,833 0,993 
90 1 ,oo 1 ,oo 1 ,oo 

180 1900 1 ,oo 1 9 0 0  

0,290 
1 ,oo 
1 ,oo 
1 t o o  

N o t e :  Commas i n d i c a t e  decimal p o i n t s .  
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C O N T R I B U T I O N  OF DIFFUSED R E F L E C T I O N  BY THE WATER LAYER TO THE O U T G O I N G  
SHORTWAVE R A D I A T I O N  F I E L D  

V .  Y u .  Kolomiytsov 

ABSTRACT: The au thor  proposes an approxinlclte method of deter- 
mination of t h e  d i f fused  r ad ia t ion  by the  i n f i n i t e  thickness  
of water .  It i s  based on t h e  use of a g r e a t  e longat ion  of t h e  
d i f fus ion  i n d i c a t r i x  and complete in t e rna l  r e f l e c t i o n .  It is  
ca l cu la t ed  using the  da t a  on t h e  albedo of  t h e  s e a ,  and the 
r ad ia t ion  f i e l d  in t h e  atmosphere, caused by t h e  d i f fus ion  i n  
t h e  water  l aye r .  The  add i t ion  t o  t h e  flows of outgoing s h o r t -  
wave r ad ia t ion  from t h i s  f i e l d  amounts t o  7-8%. 

. In  work [6] we examined t h e  s t r u c t u r e  of  a beam o f  r a d i a t i o n ,  r e f l e c t e d  /117 
from the  wavy s u r f a c e  o f  t h e  sea.  Along with t h i s ,  a c e r t a i n  con t r ibu t ion  t o  
the  OSR f i e l d  i s  a l so  in t roduced  by the  r a d i a t i o n  beam, emerging from the  depth 
of  the  s e a .  In  t h e  terminology of  work [l] i n  the  f irst  case they a r e  speaking 
about t h e  "external"  and i n  the  second about the " in t e rna l "  r e f l e c t i o n .  In 
the p re sen t  work we s h a l l  eva lua te  t h i s  second beam, o r i g i n a t i n g  through the  
d i f f u s i o n  of r a d i a t i o n  on the  t u r b i d i t y  elements.  Let us n o t e ,  f irst  of  a l l  
t h a t  i n  t h e  s p e c t r a l  range i n t e r e s t i n g  t o  us (0.3-4 p) the  water  possesses  a 
q u i t e  v a r i a b l e  c o e f f i c i e n t  of absorp t ion  with r e spec t  t o  the  spectrum, having 
a minimum of  about 0 .5  1-1 and growing r ap id ly  towards g r e a t e r  and sma l l e r  wave- 
lengths .  Therefore ,  s o l a r  r a d i a t i o n  pass ing  through the  water  s u r f a c e  i s  ab- 
sorbed i n  it completely i n  t h e  u l t r a v i o l e t  and i n f r a r e d  reg ions  of  t he  spectrum 
and t h e  d i f fused  r a d i a t i o n  f i e l d  i n  i t s  l a y e r ,  and consequently the  outgoing 
r a d i a t i o n ,  are concentrated only i n  the  v i s i b l e  region o f  t he  spectrum. For 
t h e  s o l u t i o n  of  t h e  problem examined it  i s  necessary t o  know t h e  s e a  water d i f -  
fus ion  i n d i c a t r i x  ~ ( y )  and t h e  parameter  A = p / a ,  where p i s  the  c o e f f i c i e n t  o f  
d i f f u s i o n ,  a i s  t h e  c o e f f i c i e n t  of  e x t i n c t i o n  (weakening) of the  water .  

The measurement o f  t hese  values  involves  g r e a t  d i f f i c u l t i e s .  Most o f  t h e  
hydroopt ica l  measurements o f  water cons tan ts  are reduced t o  determinat ion o f  
t h e  c o e f f i c i e n t  of e x t i n c t i o n  a e i t h e r  d i r e c t l y  o r  through t h e  values  o f  t h e  
depth of  disappearance of  the  Secchi  d i sk .  L i t t l e  i s  con t r ibu ted  a l s o  by the  
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t h e o r e t i c a l  c a l c u l a t i o n s ,  p e r t a i n i n g  t o  t h e  o p t i c a l l y  empty water (i. e . ,  t o  
water devoid o f  f i n e l y  suspended s o l i d s ) .  Schematical  measurements of i n d i -  
catrices o f  d i f f u s i o n  of n a t u r a l  water were c a r r i e d  o u t  by A .  A .  Gershun [2].  
D i f f e r e n t  'specimens of r i v e r  and sea water y i e l d e d  approximately t h e  same ang- 
u l a r  v a r i a t i o n s  o f  i n t e n s i t y  of d i f fus ion  with a sha rp  i n c r e a s e  i n  t h e  region 
o f  small angles .  However, t h e  method used by A .  A.  Gershun made i t  p o s s i b l e  
t o  ca r ry  o u t  measurements i n  t h e  reg ion  o f  d i f f u s i o n  angles  y from 10 t o  165", 
which is i n s u f f i c i e n t  f o r  ob ta in ing  a s t anda rd  d i f f u s i o n  i n d i c a t r i x  even f o r  
t h e s e  angles ,  s i n c e  t h e  d i f f u s i o n  proceeds mainly i n  t h e  d i r e c t i o n  o f  t he  i n -  
c ident  beam, and no independent measurements o f  t h e  d i f f u s i o n  c o e f f i c i e n t  P 
were performed. 
f o r  y from 0 . 5  t o  145O, as w e l l  as values o f  parameter  X ( f o r  a number o f  
water r e s e r v o i r s ) ,  The d i f f u s i o n  forward exceeds the  d i f f u s i o n  backwards by 
f i v e  orders  i n t o  t h e  f i r s t  hemisphere about 97  t o  98% of t h e  l i g h t  i s  d i f fused ,  
and i n t o  the  cone with an angle  of 10' more than 50%. The values  of  c o e f f i -  
c i e n t s  p and a, measured a t  var ious  p o i n t s  o r  i n  a s i n g l e  p o i n t ,  b u t  a t  d i f f e r -  
en t  times ( a f t e r  s e v e r a l  days) ,  d i f f e r  by s e v e r a l  times. In  accordance with 
t h i s  X - p / a  a l s o  changes abrupt ly .  Moreover, parameter  X has a c l e a r l y  ex- 
p re s sed  s p e c t r a l  course,  which a l s o  d i f f e r s  f o r  var ious  p o i n t s .  The mat te r  
s t ands  somewhat b e t t e r  w i th  the  d i f f u s i o n  i n d i c a t r i x :  i t  i s  r e l a t i v e l y  s t a b l e ,  
p r a c t i c a l l y  i d e n t i c a l  f o r  f r e s h  and s a l t  water  ( the  d i f f u s i o n  is determined by 
the  suspended s o l i d s  and no t  by t h e  d isso lved  s a l t s )  and changes i n s i g n i f i c a n -  
l y  wi th  r e spec t  t o  t h e  spectrum. However, t he  accuracy of  t h e  i n d i c a t r i x  
va lues  given i s  no t  h igh  and the  measurement e r r o r  (without tak ing  i n t o  account 
the  method e r r o r )  reaches 30%. A s  f o r  t h e  measurement of o p t i c a l  cons tan ts  o f  
oceanic  wa te r s ,  w e  have heard  noth ing  about them. Thus, we do no t  possess  any 
a t  a l l  r e l i a b l e  experimental  d a t a  averaged from a v a s t  amount of material ,  on 
the  requi red  o p t i c a l  cons tan ts  o f  t h e  marine and e s p e c i a l l y  oceanic  waters .  

I n  the  l i t e r a t u r e  d a t a  are given on t h e  d i f f u s i o n  i n d i c a t r i c e s  

/118 

Let us now t u r n  t o  t h e  t h e o r e t i c a l  s i d e  of  the problem. For t h e  p lane-  
p a r a l l e l  nonuniform medium (X and K ( Y )  depend on the  o p t i c a l  depth) i l l umina ted  
by a p lane  wave, t he  s o l u t i o n  o f  t h e  t r a n s f e r  equat ion r ep resen t s  an extremely 
complex problem. 
t r o p i c  and uniform medium wi th  a plane boundary. But even i n  t h i s  case,  i f  w e  
do no t  take  i n t o  account t he  r e f l e c t i o n  of the d i f f u s e d  r a d i a t i o n  from t h e  
water-air boundary back i n t o  the  medium, t h e  c o r r e c t  determinat ion of  t he  
b r igh tness  c o e f f i c i e n t  (and consequently,  o f  t h e  outgoing r ad ia t ion )  , as it had 
been noted i n  [ 3 ] ,  i s  reduced t o  the numerical  s o l u t i o n  o f  the  system (n + 1) 
(n + 2 ) / 2  of  i n t e g r a l  equat ions ,  where (n + 1)  i s  the  number o f  terms i n  t h e  
expansion of  t h e  d i f f u s i o n  i n d i c a t r i x  according t o  Legendre's polynomials.  
Evident ly ,  t h i s  approach c l e a r l y  does not  v i n d i c a t e  i t s e l f  because of  t h e  g r e a t  
e longat ion  of  t h e  i n d i c a t r i x .  

Therefore  we s h a l l  consider  t he  s e a  t o  be  an i n f i n i t e  i s o -  

. 

We s h a l l  examine t h e  approximate merit o f  s o l u t i o n  of  the  t r a n s f e r  equa- 
t i o n  using t h e  g r e a t  e longat ion  o f  t h e  d i f f u s i o n  i n d i c a t r i x .  

Let us assume, t h a t  a f t e r  r e f r a c t i o n  on t h e  f l a t  s epa ra t ion  su r face  t h e  
s o l a r  rays  e n t e r  t h e  water l a y e r  a t  an angle  o f  6 

i l luminance of  the  a r e a  on the  upper boundary o f  t he  medium (T = 0) 

We des igna te  wi th  n.5 t h e  0 '  
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perpendicular  t o  the r ays .  We w r i t e  the t r a n s f e r  equat ion i n  the  form of a 
system o f  i n t e g r a l - d i f f e r e n t i a l  equat ions f o r  values  I (T,O,$) (downward 

r ad ia t ion )  and I2 (T ,6, 4 (upward r a d i a t i o n )  : 
1 

Here 

The boundary condi t ions  have the fol lowing appearance: 
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where R' ( 0 )  
wate r -a i r  boundary. 

i s  F r e s n e l ' s  energy c o e f f i c i e n t  f o r  r e f l e c t i o n  i n  water  from t h e  

The system o f  equat ions  (l),  (2) contains  two types o f  i n t e g r a l  terms. In  
the  one i n t e g r a t i o n  i s  performed w i t h  r e spec t  t o  the reg ion  o f  small angles of  
d i f f u s i o n  inc luding  t h e  zero angle  ( i n t e g r a l s ,  conta in ing  x(y+) , t h e  o the r s  
inc lude  l a rge  angles  o f  d i spe r s ion  ( i n t e g r a l s  wi th  x ( y - ) ) .  We s h a l l  consider  
t h a t  t h e  d i f f u s i o n  i n d i c a t r i x  has  a sharp  maximum wi th  the d i f f u s i o n  angle ,  
equal  t o  zero,  which provides  f o r  a d i f f u s i o n  o f  95-98% of t h e  l i g h t  i n t o  t h e  
f r o n t  hemisphere, and a small cons tan t  value a t  a l l  angles  o f  d i f f u s i o n ,  except  
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f o r  the  region c l o s e  t o  zero.  Then w e  can ca r ry  out  t h e  i n t e n s i t y  i n  the  
d i r e c t i o n  o f  t h e  zero angle  o f  d i f f u s i o n  beyond the  s i g n  o f  t he  i n t e g r a l s  con- 
t a i n i n g  x(y+) ,  and i n  t h e  i n t e g r a l s  with l a r g e  angles  of d i f fus ion  w e  remove 
t h e  constant  va lue  

x (7-) =x0 = 2h 

and f o r  i n t e g r a l  members o f  equat ion (1) w e  o b t a i n  

(5) 

Here I ( T )  i s  t h e  mean value o f  i n t e n s i t y  I 2  a t  l e v e l  T. 

the  s h a r e  of  r a d i a t i o n ,  d i f fused  i n t o  the  rear hemisphere i n  a s i n g l e  act  o f  
d i f f u s i o n  and i n  our  case  does n o t  exceed s e v e r a l  hundred. The i n t e g r a l  terms 
o f  equat ion (2)  a r e  converted t o  the  analogous form. 

Value h cha rac t e r i zes  2 

Let us remind t h e  r eade r ,  t h a t  w e  are i n t e r e s t e d  i n  only the  r a d i a t i o n  
going out  i n t o  the  atmosphere. But because of t h e  f u l l  i n t e r n a l  r e f l e c t i o n  
r a d i a t i o n  12, going a t  angles  of 6>-ar,-sin-=4go (n=1,33),will no t  go ou t s ide .  

Therefore ,  i t  i s  s u f f i c i e n t  f o r  us t o  know t h e  s o l u t i o n  o f  equat ion (2) with 

6 < 49". 

1 
n 

And t h i s  i n  i t s  t u r n ,  s i g n i f i e s  t h a t  angle  y -  included i n  i t  i s  

n o t  smaller than 90 - 49 = 41". The l a t t e r  circumstance i s  very favorable ,  
inasmuch as i t  makes the  assumption (5) much more p r e c i s e .  Moreover, i t  i s  
easy t o  s e e  t h a t  0 

s i d e r  t h a t  x(y-) = 2h. S u b s t i t u t i n g  expressions (6) i n  equat ions (1) and (2) 

and p resen t ing  each o f  t he  i n t e n s i t i e s  i n  t h e  form o f  t h e  sum of two components, /120 
one o f  which y i e l d s  t h e  s o l u t i o n  of  t he  problem examined i n  t h e  assumption 
t h a t  s i n g l e  d i spe r s ion  occurs with a real i n d i c a t r i x , a n d  mul t ip l e  d i f f u s i o n  
beginning with t h e  second o r d e r ,  i s  reduced t o  the  forward d i f f u s i o n ,  we s h a l l  
f i n d  having performed cumbersome b u t  no t  complicated operatFons t h e  s o l u t i o n  
o f  t h e  problem on d i f f u s e d  r e f l e c t i o n  o f  l i g h t  by a f l a t  l a y e r  o f  an i n f i n i t e l y  
l a rge  o p t i c a l  th ickness  wi th  a g r e a t l y  e longated d i f f u s i o n  i n d i c a t r i x :  

< 49"and y -  > 180 - 2-49 = 82",  and t h e r e f o r e  we may con- 0 1 
1 

where 
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x 2 cos 9 
[cos 9 + cos Bo ( 1  - A + Ah)] [ ( 1  - A )  (cos 9 + COS eo-,+ Ah cos eo] 

J = . -  .-_____-_ __- 
xhh COS 9 

x cos 9 + 2) (1-- A + Ah) 

I (0, 8 )  i s  the r a d i a t i o n  approaching from below t o  the  water s u r f a c e ,  while  

value s included i n  i t  cha rac t e r i zes  t h e  r e f r a c t e d  s o l a r  r a d i a t i o n ,  going a t  
an angle 0 t o  the normal. Let i b e  the  zeni th  d i s t ance  of t he  sun ,  E l  b e  

the  luminance of  an area perpendicular  t o  the r a y s ,  l oca t ed  i n  t h e  a i r  a t  t h e  
water s u r f a c e  l e v e l  when t h e  r a d i a t i o n  passes  through t h e  a i r -wa te r  boundary 
E l  w i l l  change by E 1 1  

2 

0 

= ITS, and i by eo.  

From the  law of  conservat ion o f  energy i t  follows t h a t  

where R( i )  i s  t h e  F r e s n e l ' s  energy c o e f f i c i e n t  f o r  r e f l e c t i o n  from water  i n  air. 
Hence 

angles i and 0 a r e  connected by the  law o f  r e f r a c t i o n  0 

sin i 1 IZ sin O,, 

n i s  t h e  r e f r a c t i v e  index o f  water ,  

I ( A )  i s  the  s o l a r  cons t an t ,  T ( A )  i s  t h e  o p t i c a l  th ickness  o f  t he  atmosphere 

f o r  t h e  given wavelength. As we know, upon passage of l i g h t  through the  p l ane  
boundary between two medium t h e r e  i s  t h e  fol lowing r e l a t i o n s h i p :  

0 0 
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Here n 

b r igh tness  of t h e  l i g h t  f a l l i n g  on t h e  boundary, i n  medium 1, I ( e  ) i s  the  

b r igh tness  o f  t h e  l i g h t  pass ing  i n t o  medium 2 ,  R ( 0  ) and R ( 0  ) a r e  F resne l ' s  

c o e f f i c i e n t s  f o r  media 1 and 2 .  

and n2 are ind ices  of r e f r a c t i o n  of media 1 and 2,  I ( e  ) i s  the  
1 1 1  

2 2  

1 1  2 2  

Let us des igna te  with I (0,e ) the  r a d i a t i o n  coming out  o f  t h e  water  i n t o  /121  
t h e  atmosphere a t  an angle  0 t o  t h e  normal (angle  0 has noth ing  i n  common with 
t h e  one used p rev ious ly ) .  Applying equat ion (13) t o  o u r  problem we s h a l l  have 

where n s i n  6 = s i n 8  . S u b s t i t u t i n g  i n  

w e  f i n d  the  expression f o r  t h e  s p e c t r a l  
s e a  

I~ (0, e) = /o (A) e-*O 

(14) t h e  formulas ( 7 ) ,  ( l o ) ,  and (12),  

i n t e n s i t y  o f  t h e  r a d i a t i o n  leaving  t h e  

+ )J] 2 x [  C o s O ~ ( l - A ) + c o s ~  

Here w e  should n o t  confuse the  wavelength X with  parameter  X , charac te r -  
i z i n g  the  r e l a t i o n s h i p  between t h e  d i spe r s ion  and absorp t ion  i n  the  l a y e r  of 
water. Values X and h a r e  func t ions  of  t he  wavelength, knowing which w e  would 
be ab le  t o  i n t e g r a t e  the  s o l u t i o n  obta ined ,  and ob ta in  the  i n t e g r a l  outgoing 
r a d i a t i o n .  However, a s  we have a l ready  mentioned, t h e  requi red  func t ions  xre 
unknown t o  us and w e  may found only on the  approximate q u a n t i t a t i v e  evalua-  
. t i o n s .  Therefore ,  we cons ider  t h a t  X and h a r e  cons tan t ,  T ( A )  = T (0.55 p) = 

= 0 . 3  and the  s p e c t r a l  v a r i a t i o n s  are connected only wi th  the  changes of  t he  
s o l a r  cons tan t  wi th  r e spec t  t o  the spectrum. Taking i n t o  account,  t h a t  the  
d i f f u s e d  r a d i a t i o n  i n  t h e  l a y e r  o f  water  i s  concentrated i n  t h e  v i s i b l e  reg ion ,  

0 0 

0.75 
3 
& and t h a t  j / o ( h ) d i .  =863.10-3 cal/cm min, we ob ta in  t h e  i n t e g r a l  value of  

0.4 

t he  in t ens i . t y  o f  the r a d i a t i o n  leaying  the sea i s  cal/cm2min*ster 
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c 

and f i n a l l y ,  w e  f i n d  the  con t r ibu t ion  of  the  d i f fused  r a d i a t i o n  o f  t he  sea i n  
the  OSR f i e l d  on the  upper boundary o f  t he  atmosphere 

The ca l cu la t ions  o f  value I ' ( 8 )  are performed i n  the  fol lowing way. 

According t o  p re sc r ibed  i and 8 w e  f i n d  eo a n d 6  from t h e  r e l a t i o n -  

s h i p s  n s i n  6 = s i n  8 ,  n s i n  8 

R ( 8 )  and R( i )  f o r  r e f l e c t i o n s  from water  are taken from t a b l e s .  The s u b s t i -  
t u t i o n  of t he  values  o f  8 6 and R ,  found, and a l s o  the  p re sc r ibed  values  X 
and h i n t o  t h e  formulas (17) and (8) w i l l  y i e l d  the  sought value of t h e  i n -  
t e n s i t y  of t he  r a d i a t i o n  coming ou t  of  the  s e a  a t  the  upper boundary o f  t h e  
atmosphere. 

= Sin  i, n = 1.33; F r e s n e l ' s  energy c o e f f i c i e n t s  0 

0 '  

The s o l u t i o n  obtained by us ,  as it should have been expet ted  i s  very sen-  
s i t i v e  t o  the change i n  both o p t i c a l  parameters of  water X and h ,  which makes 
i t  impossible  t o  use random, u n r e l i a b l e  values  of  these  parameters i n  numerical / 1 2 2  
c a l c u l a t i o n s .  We s h a l l  t r y  t o  o b t a i n  reasonable  f i g u r e s  by us ing  add i t iona l  
information wi th  r e spec t  t o  the  albedo o f  t h e  s e a .  Let us examine the  r e f l e c -  
t i o n  of  r a d i a t i o n  from the  s u r f a c e  of t he  s e a  with a sun s t and ing  h igh ,  i x 0 .  
Let Ed  and E 

s c a t t e r e d  r a d i a t i o n ,  EA and E t  be  the  corresponding flows of r e f l e c t e d  r ad ia -  

t i o n ,  the  albedo of  d i r e c t  and s c a t t e r e d  r a d i a t i o n ,  as we know a r e  equal  t o  

A 0.066 ( the  albedo o f  t h e  uniformly 

luminescent sky above a smooth water  s u r f a c e ) .  Let us make use of  the  circum- 
s t ance ,  t h a t  f o r  t he  v i s i b l e  region E / E  = 3-7 with i < 60' .  L e t  us consider  d s  
t h a t ,  Es /Ed 

be  the  luminance of  t h e  su r face  of the  sea by t h e  d i r e c t  and 
S 

S 

= E t / E  
d d d  = 0.02 (i x 0) , As = E i / E s  x 

0 . 2 ,  wi th  i x 0 .  For the  t o t a l  albedo we have: 

1 
= 1 -2 E + (-) E,  - . . . = I  -0,2+0.04 E .  

Ed d E 
E I + >  

- . . . = 0.84, 

A = 0,84 ( A  + 0.2As) e 0.03. d 

d 
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If w e  t ake  i n t o  account t he  waves on the  sea, then wi th  the  mean wind 
v e l o c i t y  v = 10 m/sec Ad = 0.03 [4] and f o r  t he  t o t a l  albedo w e  have 

A - 0,84 (0.03 + 0,2 - 0.066) 2 0.036. 

However, t h e  experimental  d a t a  c o l l e c t e d  i n  work by N . Y e .  Ter-Markaryants 
[S I ,  y i e l d  the  albedo va lue  o f  A '  *: 0.056 f o r  i = 0.  Therefore  t h e  d i f f e r e n c e  

A I  - A = 0.02 which i s  missing should be provided by t h e  r a d i a t i o n  E outgoing 

from the  sea. We can e a s i l y  s e e ,  t h a t  t he  f u l l  albedo (observed value A ' )  i s  
expressed by the  formula: 

0 

from t h i s  E o / 1 . 2  E 0.02 and tak ing  i n t o  account t h a t  E d  = El when i X 0 ,  L 
we ob ta in  

From (18) and (15) now we can determine one of t h e  parameters X and h .  A s  
i nd ica t ed  by the  c a l c u l a t i o n s  with formulas (15) and (16) the  outgoing r ad ia -  
t i o n  may be  considered i s o t r o p i c  ( i n  our  approximation).  Therefore  when i = 
" 0  

E 0 = = Z ~ h ( O ,  O)li=".  
Taking i n t o  account t h a t  

E~ (0) = I ,  (A) e-" 

and s u b s t i t u t i n g  formulas (191, (20) and (15) i n  express ion  (18) ,  we ob ta in  
the  fol lowing equat ion 

xhA 
- ( l  - ( x  $- 2)  (1 - h + Ih)) + 2 

( 2  - A + ).h) [ 2 g  - A )  + hh] 

(21) 2 
( 2  - ).) ( 2  - ). + Ah) 

- 1 

p) x [(l - ).) (+ + 1 )  -k hh] 
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We should n o t e  immediately, t h a t  i n  ob ta in ing  equat ions  (18) and (21) ,  
p e r t a i n i n g  t o  the  s p e c t r a l  va lues ,  w e  use t h e  d a t a  on the  i n t e g r a l  albedo. 
Moreover, owing t o  t h e  considerable  change with r e spec t  t o  the  spectrum of  t h e  
r a t i o n  E / E  t he  r e l a t i o n s h i p  Es 0.2 E i s  r a t h e r  a r b i t r a r y .  To ob ta in  

more accura te  expressions w e  should know t h e  values  o f  the  s p e c t r a l  albedo, 
and a l s o  t h e  values  of  the  s p e c t r a l  luminance o f  t he  d i r e c t  and s c a t t e r e d  rad- 
i a t i o n .  

s d' d 

From equat ion (21) w e  s h a l l  determine the value o f  parameter  A ,  consider-  
i ng  va lue  h t o  be known. 
h ,  s a t i s f y i n g  equat ion (21) ,  the  r a d i a t i o n  going i n t o  the  zeni th  with i = 0 ,  
w i l l  be  the  same: 

We emphasize, t h a t  wi th  any p a i r  o f  values  of  X and 

cm- m i  nos t e r  

on the  sea l e v e l  and 

m i  1 1  i c a l o r i e s  
-. 

11 - R (0) 1' /'(0)I,=o=863 -- - -- f (A)%3,7' - -  -~ 4% n2 n 

c m L  m i n s s t e r  

on the  upper boundary of  the  atmosphere. 

A s  we have a l ready  noted t h e  sha re  o f  r a d i a t i o n  d ispersed  by the elemen- /125 
t a r y  volume of water  i n t o  t h e  rear hemisphere, amounts t o  about 3%.  Let us 
examine two very d i f f e r e n t  values  o f  h :  

From equat ion ( 2 1 )  we f i n d :  

The r a d i a t i o n  going out  i n t o  the atmosphere a t  the sea l e v e l  and on the  
upper boundary o f  t h e  atmosp'here, ca l cu la t ed  according t o  formula . (16) , (1  7) , 
and (8), p r a c t i c a l l y  coincides  f o r  bo th  cases  and i t s  values  are given i n  Table 
1 and 2 .  Adding up I '  (e) wi th  the  prev ious ly  obta ined  OSR f i e l d  [ 6 ] ,  w e  f i n d  
the  f u l l  OSR f i e l d  above the  s e a  I ( e ,  i ,  4) and the  corresponding flows F ( i )  

(Table 3 ) .  In  Table 4 we g ive  the  r e l a t i o n s h i p  I ' ( e ) / I ( e  ,i, 4) i n  pe rcen t .  
We can s e e  t h a t  the con t r ibu t ion  of t h e  d i f fused  r a d i a t i o n  o f  t h e  s e a  t o  the  
OSR f i e l d  i n  t h e  upper boundary o f  t h e  atmosphere i s  maximum with small zen i th  
d i s t ances  of  the  sun and small s i g h t i n g  angle  0 o u t s i d e  o f  the  s o l a r  g l i t t e r .  

/126 - 
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With l a r g e  i and 0 t h i s  con t r ibu t ion  is  n e g l i g i b l y  small because o f  t h e  screen-  
i n g  ac t ion  of  t h e  atmosphere, and a l s o  because o f  t he  inc rease  o f  the  reflec- 
t i o n  c o e f f i c i e n t  [see formuLa (17)] .  

0,0050 
0,0047 
0,0037 
0,0021 

T A B L E  1 .  R A D I A T I O N  L E A V I N G  THE SEA I ( e )  cal/cm2 minester  

0,0052 0,0054 0,0040 
0,0049 0,0051 0,0038 
0,0038 0,0040 0,0030 
0,0021 0,0022 0,0017 

0 
20 
40 
60 

0 
20 
40 
60 

0,0037 0,0036 0,0030 0,0019 
0,0034 0,0034 0,0028 0,0018 
0,0028 0,0027 0,0022 0,0014 
0,0015 0,0015 0,0012 0,0008 

T r .  Note: Commas i nd ica t e  decimal po in t s .  

T A B L E  2. D I F F U S E D  R A D I A T I O N  OF THE SEA ON THE UPPER BOUNDARY 

OF THE ATMOSPHERE I I ( e )  caI/cm2 minester.  

e 
_ _ _  i 

0 

~ _ _  

T r .  Note: Commas i nd ica t e  decimal po in t s .  
In  conclusion w e  s h a l l  no te  once again t h a t  t he  r e s u l t s  obtained are 

approximate because of t h e i r  assumptions made i n  t h e  s o l u t i o n  of  t he  t r a n s f e r  
equat ion ,  and a l s o  because of  t he  n e c e s s i t y  o f  us ing  i n d i r e c t  experimental  d a t a  
da t a .  
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P 0 15 30 

- 

45 60 15 30 45 60 1 75 

TABLE 3. THE O S R  F I E L D  ABOVE THE SEA TAKING INTO CONSIDERATION THE 

DIFFUSION IN THE WATER LAYER I ( e ) i ,  $) ca-l/cm2 minester  

i=20", F=0,115 cal/cm2 min i=4Oo, F=0,115 cal/cm2 min 

0,0554 
0,0543 
0,0516 
0,0478 

0,0404 
0,0374 
0,0352 
0,0337 
0,0328 
0,0323 
0,0321 
0,0322 

0,0440 

0,0552 
0,0530 
0,0476 
0,0413 
0,0362 
0,0326 
0,0306 
0,0297 
0,0292 
0,0294 
0,0295 
0,0297 
0,030O 

0,0551 
0,0505 

0,0324 
0,0285 
0,0272 
0,0269 
0,0271 
0,0274 
0,0280 
0,0283 
0,0287 

0,0406 

0,0290 

0,0713 

0,0413 
0,0314 
0,0286 
0,0281 
0,0282 
0,0288 
0,0294 
0,030O 
0,0304 
0,0308 
0,0311 

0,0601 
0,0473 
0,0473 
0,0472 
0,0470 
0,0464 

0,0455 
0,0459 

0,0466 
0,0469 
0,0472 
0,0475 

0,0460 

0,0462 

0,0273 

0,0106 

0,0686 
0,0577 
0,0489 
0,0472 
0,0467 
0,0463 
0,0459 
0,0463 
0,0467 
0,0470 
0,0473 
0,0476 
0,0479 

0,466 
0,118 
0,0989 
0,0811 
0,0634 
0,0464 
0,0276 
0,0288 
0,030O 

0,0324 
0,0336 
0,0348 

0,0312 

0,0431 
0,0413. 
0,0373 
0,0334 
0,0309 
0,0296 
0,0292 
0,0294 
0,0297 
0,0302 
0,0305 
0,0309 
0,0312 

0,0377 
0,0369 
0,0353 
0,0340 
0,0334 
0,0333 
0,0333 
0,0338 
0,0344 
0,0350 
0,0353 
0,0356 
0,0359 

0,0360 
0,0354 
0,0333 
0,0311 
0,0293 
0,0281 
0,0275 
0,0272 
0,0271 
0,0272 
0,0274 
0,0275 
0,0277 

0,0725 
0,0573 
0,0396 
0,0340 
0,0331 
0,0331 
0,0333 
0,0339 
0,0345 
0,0351 
0,0354 
0,0356 
0.0359 

0 0,0423 
15 , 

60 
75 
90 

105 
120 
135 
150 
165 
180 

i=6Oo, F=0,110 cal/cm2 min 
0,155 
0,0792 
0,0404 
0,0344 
0.0323 

0,0203 0,0299 j 0,0665 
0.0202 0.0274 0.0488 

0,0155 
0,0148 

0,0134 
0,0128 
0,0123 

0,0140 

0,0119 
0,0120 
0,0121 
0,0122 
0,0123 
0,0124 
0,0125 

0,0303 
0,0235 
0,0193 
0,0174 
0,0158 
0,0142 
0,0126 

0,0132 
0,0134 
0,0137 

0,0142 

0,0129 

0,0140 

0,283 
0,115 
0,0753 
0,0630 
0,0557 
0,0482 
0,0410 
0,0422 
0,0434 
0,0445 
0,0469 
0,0492 
0,0516 

0,107 

0,0326 
0,0286 

0,0163 
0,0168 
0,0174 
0,0179 
0,0184 

0,0195 

0,0431 

0,0245 0,0204 

0,0190 

0 ' 0,0190 
15 
30 

0,0116 
0,0115 
0,0114 
0,0112 
0,0111 
0,0110 
0,0109 

I 0,0109 
0,0109 
0,0110 
0,0110 
0,0110 
0,0110 

0;0198 
0,0193 
0,0193 
0,0192 
0,0192 
0,0194 
0,0196 
0,0198 
0.0199 

0 0234 
0,0213 

0,0204 
0,0204 
0,0209 
0,0214 
0,0219 
0.0224 

0,0206 

0;0301 
0,0251 
0,0239 
0,0235 
0,0230 
0,0238 
0,0245 
0,0253 
0.0262 

45 
60 
75 
90 

105 1 
0 10303 
0,0282 

0,0303 
0,0313 
0,0330 
0,0347 
0,0365 

0,0292 

135 
150 
165 
180 

0;0201 
0,0202 

010228 010271 
0,0233 1 0,0280 

CI 
cn + Tr. Note: Comas i n d i c a t e  decimal po ints . .  
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TABLE 4. CONTRIBUTION OF THE D I F F U S E D  R A D I A T I O N  OF THE SEA TO THE 

OSR F I E L D  I N  THE UPPER BOUNDARY OF THE ATMOSPHERE 

0 
30 
90 

180 

d 0 b 5  
8,7 6 , 5  

7 ,1  
10,o 
11,8 

11,4 8,4 
9,2 

11,3 
11,2 

r -  - 

5,3 
7 ,1  

11,2 
10,3 

- 
e 

30 1 45 I 60 

i = 20° 

6 ,6  
7,7 

12,5 
12,s  

0 
30 
90 

180 

i =40° 

i =60° 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  
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RECONSTITUTION OF THE GROUND L E V E L  PRESSURE F I E L D  
ACCORDING TO THE WEATHER S A T E L L I T E  DATA 

0 .  S .  Bogomolov 

ABSTRACT. T h e  au thor  examines t h e  p o s s i b i l i t i e s  of improve- 
m e n t  o f  t h e  method proposed by Sh. A. Musayelyan f o r  recon- 
s t i t u t i o n  of t h e  p ressure  f i e l d  according to  t h e  da ta  of 
meteorological s a t e l l i t e s .  He shows t h a t  t h e  enlistment,  
along w i t h  t h e  da t a  on t h e  amount o f  c loudiness ,  of in for -  
mation on i ts  shape and h e i g h t  o f  the u p p e r  boundary, makes 
i t  poss ib l e  to  improve appreciably t h e  accuracy of t h e  
so lu t ion  of t h e  above-mentioned problem. 
A n  evalua t ion  is made of t h e  p o s s i b i l i t y  of r e c o n s t i t u t i o n  
o f  t h e  ground-level pressure  f i e l d  and t h e  geos t rophic  
w i n d  on t h e  b a s i s  of information on t h e  c loudiness  f i e l d .  
T h e  au thor  notes  a good q u a l i t a t i v e  agreement o f  t h e  c a l -  
cu la ted  and ac tua l  pressure  f i e l d s .  Above-mentioned 
procedure can be  used  f o r  r econs t i t u t ion  of t h e  p ressure  
f i e l d  and w i n d  according t o  t h e  s a t e l l i t e  da t a  above the 
regions,  about w h i c h  meteorological information is  inade- 
qua te . 

Modern weather s a t e l l i t e s  enable  us t o  obta in  information on the  g loba l  
d i s t r i b u t i o n  o f  the  cloud cover. Already the  f irst  t e l e v i s i o n  p i c t u r e s  ob ta in -  
ed from s a t e l l i t e s  enabled us t o  e s t a b l i s h  the  high degree of organiza t ion  of  
t h e  cloud formations of  var ious  s c a l e s .  The experience accumulated from com- 
par i son  of  t hese  p i c t u r e s  with the  d a t a  of  the  synop t i c  and ae ro log ica l  maps, 
supported the  conclusion t h a t  t he  s t r u c t u r e ,  q u a n t i t y  , shape , h o r i z o n t a l  and 
v e r t i c a l  e x t e n t  of the  cloudiness  a r e  d i r e c t l y  connected wi th  the  c h a r a c t e r  
and revolu t ion  of  t h e  p re s su re  f i e l d ,  a i r  masses, and atmospheric f r o n t s .  I t  
i s  bes ides  t h i s  r e l a t i o n s h i p  t h a t  is the  b a s i s  of  s a t e l l i t e  nephanalys is ,  which 
found a very wide p r a c t i c a l  app l i ca t ion  i n  the  eva lua t ion  of  the  synop t i c  s i t -  
ua t ion ,  e s p e c i a l l y  over  the  regions poorly covered with r e s p e c t  t o  meteorology. 
However, the  . q u a l i t a t i v e  methods require a g r e a t  consumption of  time and fo rces  
o f  h igh ly  q u a l i f i e d  s p e c i a l i s t s ,  s u f f e r  from subjec t iv i sm,  and a r e  n o t  s u b j e c t  
t o  automation. A t  t h e  same t i m e  t h e  problem o f  automation of process ing  and 
ana lys i s  o f  s a t e l l i t e  d a t a  i s  important  i n  p r i n c i p l e  i n  connection wi th  the  
s p e c i f i c s  and the  enormous volume of in format ion ,  a r r i v i n g  from meteorological  
s a t e l l i t e s .  Therefore ,  t h e  n e c e s s i t y  arises t o  develop a numerical  method o f  
i n t e r p r e t a t i o n  o f  t h i s  information.  

/ 1 2 7  

Sh. A. Musayelyan [l] proposed a method f o r  r e c o n s t i t u t i o n  o f  t h e  v e r t i c a l  
f lows,  func t ions  o f  t h e  flow and geopo ten t i a l  on the middle l e v e l  o f  t h e  
atmosphere, according t o  t h e  d a t a  on t h e  genera l  amount of  c loudiness .  I t  
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appears i n t e r e s t i n g ,  u s ing  the  p r i n c i p a l  of  t he  " c o r r e l a t i o n  harmonics" which 
l i e s  a t  t h e  base  of t h i s  method, t o  eva lua te  t h e  p o s s i b i l i t y  of r e c o n s t i t u t i n g  
t h e  f i e l d  of  t he  ground l e v e l  p re s su re  by means of information on cloudiness  
f i e l d s .  The r a t i o n a l i t y  o f  opposing t h i s  problem proceeds from the fol lowing 
phys ica l  concepts.  

An important  r o l e  i n  t h e  formation of  f r o n t a l  cloud systems i s  played by 
the  ordered v e r t i c a l  motions, caused by the  convergence of t he  a i r  flows under 
t h e  e f f e c t  o f  t u r b u l e n t  f r i c t i o n  f o r c e s .  Inves t iga t ions  [ Z ]  show t h a t  t h e  
v e r t i c a l  flows on t h e  upper boundary o f  t h e  f r i c t i o n  l a y e r  r e t a i n e d  t h e i r  s i g n ,  
a t  least  wi th in  t h e  bounds o f  t h e  lower and t h e  middle t roposphere,  where the  
p r i n c i p a l  mass of  t h e  clouds i s  loca ted .  On t h e  o t h e r  hand, we know, t h a t  t h e  
f r i c t i o n a l  v e r t i c a l  flows a r e  d i r e c t l y  connected with the  geos t rophic  v e l o c i t y  
vor tex  (ground l e v e l  p re s su re  Laplacian) .  I t  i s  p r e c i s e l y  t h i s  t h a t  expla ins  
t h e  well-known coord ina t ion  of t he  f i e l d s  of  l a r g e - s c a l e  cloud systems and t h e  
Laplacian of the  ground l e v e l  p re s su re ,  which manifests  i t s e l f  i n  the  f a c t  t h a t  

t he  Laplacian) correspond the  cloud massifs i n  t h e  zones o f  ordered ascending 
motions. 

/ 1 2 e  t o  the regions wi th  a cyc lonic  curva ture  o f  t he  i soba r s  ( p o s i t i v e  values  o f  
-. 

Along with the  ordered v e r t i c a l  flows i n  the  formation o f  t he  cloudiness  
a c e r t a i n  r o l e  i s  a l s o  played by such processes  as the  ho r i zon ta l  and v e r t i c a l  
t u rbu len t  exchange, thermal convection, cool ing of the  a i r  mass through the  
hea t  exchange wi th  t h e  underlying s u r f a c e .  These processes  r e s u l t  i n  t he  form- 
a t i o n  o f  t he  e n t i r e  observed v a r i e t y  of  cloud systems and i n  most cases  reduce 
the  coordinat ion of the  cloudiness  f i e l d s  and the  ground p res su re  Laplacian.  
Therefore ,  the  d a t a  on only the  t o t a l  volume o f  c loudiness  do no t  always con- 
t a i n  information on the  i n t e n s i t y  o f  p re s su re  formations,  and i n  some cases do 
n o t  cha rac t e r i ze  even t h e  s i g n  o f  the  p re s su re  formations.  

In  t h i s  connect ion,  i n  order  t o  inc rease  t h e  successfu lness  of  r e s t i t u t i o n  
of  the  p re s su re  f i e l d  according t o  the  d a t a  on the cloudiness ,  i t  appears 
r a t i o n a l  t o  s e p a r a t e  those  cloud massifs, which are c l o s e l y  connected wi th  the  
p re s su re  f i e l d  (p re s su re  Laplac ian) ,  and t o  f i l t e r  o f f  o r  decrease t h e  i n f l u -  
ence o f  a l l  the  o t h e r s .  This problem may be  so lved ,  i f  along with the  d a t a  on 
the  quan t i ty  we use t h e  information on the  shape,  and a l t i t u d e  of t he  upper 
boundary of t he  clouds.  In  t h i s  case,  having i n  view the  s a t e l l i t e  da ta ,  the  
quan t i ty  and p r i n c i p a l  shapes ( types ) ,  o f  c loudiness  may be eva lua ted  accord- 
i ng  t o  the  t e l e v i s i o n  p i c t u r e s ,  and the  h e i g h t  o f  t h e  upper boundary, according 
t o  t h e  r a d i a t i o n  measurements i n  the  8-12 p channel [ 3 ] .  

The use o f  more complete information on the  cloud cover  enables  us t o  
cons t ruc t  a Certain genera l ized  c h a r a c t e r i s t i c  of t h e  cloudiness  f i e l d ,  f o r  
example, i n  t h e  form of 

N = qnh, 

where q i s  the  weight c o e f f i c i e n t ,  which takes  i n t o  account the  r e l a t i o n s h i p  
between the  shape o f  the  cloudiness  wi th  t h e  Laplacian o f  t h e  ground l e v e l  
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pres su re ;  n ,  h are t h e  amount and he igh t  o f  t he  upper boundary o f  t h e  cloudi-  
nes s ,  averaged with r e s p e c t  t o  area, the  dimension o f  which i s  equal t o  t h e  
square o f  t he  s t e p  of  t h e  g r i d ,  adopted f o r  the  f i n i t e - d i f f e r e n c e  concept o f  
the  Laplacian.  We have sepa ra t ed  t h r e e  types (shapes) o f  c loudiness  which may 
be  i d e n t i f i e d  according t o  the  s a t e l l i t e  da t a :  t he  f r o n t a l ,  in t ramass ,  and 
c i r r u s .  The weight c o e f f i c i e n t s  f o r  them were found s t a t i s t i c a l l y  and t r a n s -  
p i r e d  t o  b e  equal  t o  0 .6;  0 .3 ,  and 0 .1 ,  r e spec t ive ly .  

The in t roduc t ion  of t h e  genera l ized  c h a r a c t e r i s t i c  N enables  us t o  sep-  
arate t h e  cloud systems, connected with t h e  p re s su re  formations,and t o  ob ta in  
a more' complete information on the  p re s su re  f i e l d .  Indeed, cyclones and 
troughs are connected wi th  f r o n t a l  cloud systems developed v e r t i c a l l y  and 
covering s u b s t a n t i a l  a reas  , whereas t h e  intermass clouds have smaller h o r i -  
zontal  dimensions (cumulus c loudiness)  and a small ver t ica l  e x t e n t  ( s t r a t u s  
and stratocumulus c loudiness) .  The he ight  o f  t he  upper boundary o f  t h e  f r o n t a l  
clouds grows wi th  t h e  approach t o  the  f r o n t  l i n e  (trough access)  and along the  
f r o n t  l i n e  i n  t h e  d i r e c t i o n  towards t h e  c e n t e r  of the  cyclone. 

To eva lua te  the p o s s i b i l i t y  o f  r e s t i t u t i o n  o f  t he  ground l e v e l  p re s su re  
f i e l d  according t o  the  d a t a  on t h e  cloudiness  f i e l d  w e  s e l e c t e d  a region with 
dimensions of  6,000 x 4,200 km, bounded by l a t i t u d e  c i r c l e s  o f  35 and 75" N 
and meridians 0 and 60" E ,  which i s  covered we l l  enough with meteorological  
da t a .  For f i v e  per iods  of  time i n  January 1967, s epa ra t ed  i n  t i m e  by not  l e s s  
than f o u r  days from one another ,  according t o  radiosonde d a t a  and the  maps of 
nephanalysis  and synop t i c  maps . w e  ca l cu la t ed  the values  of t h e  gene ra l i zed  
c h a r a c t e r i s t i c s  of the  cloudiness  f i e l d  N and the  ground l e v e l  p re s su re  L a -  
p l ac i an  Ap i n  the  nodes of  t he  square  g r i d  with a s t e p  o f  300 km. For each 
l i n e  o f  t h e  g r i d  we performed the  expansion of  func t ions  N(x) and Ap(x) i n t o  
Four ie r  s e r i e s  : 

where j is the  number of the l i n e  of the  g r i d ,  x i s  the  number o f  t he  node i n  
the  l i n e ,  m i s  t h e  number o f  t h e  expansion c o e f f i c i e n t .  

I n  accordance wi th  the  method proposed by Sh. A .  Musayelyan [ 11, we con- 
s t r u c t e d  t h e  r eg res s ion  equat ion o f  t he  fol lowing type: 

/129 
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where 

s i n e s  f o r  t he  Laplacian and the  gene ra l i zed  c h a r a c t e r i s t i c  N ,  and N, a Cm, C L l r  

u&, bP,, u z ,  6 9 -  are Four i e r ’ s  c o e f f i c i e n t s  a t  t h e  cosines  and 

‘,,t9 ‘‘ni are the  c o e f f i c i e n t s  o f  t h e  l i n e a r  r e l a t i o n s h i p  between them. 

The r e s t i t u t i o n  of t h e  p re s su re  f i e l d  according t o  t h e  d a t a  o f  t h e  c loudi -  
ness  f i e l d  was performed i n  t h e  fol lowing o rde r .  The i n i t i a l  f i e l d  of  t h e  
genera l ized  c h a r a c t e r i s t i c  of t h e  cloudiness  was presented  i n  t h e  form of 
F o u r i e r ’ s  s e r i e s  (1) f o r  each l i n e  o f  t he  g r i d .  According t o  the  obta ined  
values  o f  F o u r i e r ’ s  c o e f f i c i e n t s  by means o f  t h e  r eg res s ion  equat ion (3)  w e  
converted the  Laplacian f i e l d  t o  Four i e r ’ s  c o e f f i c i e n t s  , and then ca l cu la t ed  
by means o f  formulas ( 2 )  t he  value o f  the  Laplacian i n  t h e  nodes of  t he  g r i d s .  
A f t e r  t h i s  w e  so lved  
s c r i b e d  a c t u a l  values  of i t  on the  boundaries of  the region examined. The 
ca l cu la t ions  according t o  t h i s  method were c a r r i e d  ou t  f o r  f i f t e e n  cases f o r  
December 1966, January and February o f  1967, among which we included a l s o  t h e  
d a t a ,  used f o r  s e t t i n g  up r eg res s ion  equat ions ( 3 ) .  

Poisson’s  equat ion wi th  r e s p e c t  t o  p re s su re  wi th  p re -  

The ana lys i s  o f  t he  r e s u l t s  o f  the  c a l c u l a t i o n s  shows t h a t  i n  a l l  t h e  
cases t h e r e  i s  a good q u a l i t a t i v e  agreement between the  ca l cu la t ed  and f a c t u a l  
p re s su re  f i e l d s .  The c o e f f i c i e n t  of t he  m u l t i p l e  c o r r e l a t i o n  between t h e  re- 
s t i t u t e d  and ac tua l  f i e l d  on t h e  average f o r  a l l  the  cases  proved equal  t o  
0 .76.  The mean absolu te  and roo t  mean square  e r r o r s  of  r e s t i t u t i o n  amounted t o  
6 and 9 mi l iba r s  r e s p e c t i v e l y .  However, i n  i n d i v i d u a l  p o i n t s  t h e  abso lu te  
value o f  t h e  d i f f e r e n c e  between the  ca l cu la t ed  and a c t u a l  values  o f  p re s su re  
reached 15 and even 25 m i l i b a r s .  Such d i f f e rences  were observed i n  cases, when 
the  centers  o f  the p re s su re  formations on the  r e s t i t u t e d  maps proved d isp laced  
with r e spec t  t o  the  a c t u a l  ones.  This displacement was d i f f e r e n t  f o r  t h e  p re s -  
s u r e  systems, which were found i n  var ious s t a g e s  o f  development, and reached 
the  maximum values ,  equal  t o  500-800 km, f o r  the  f i l l i n g  occluded cyclones.  

To e l imina te  t h i s  shortcoming i t  appeared r a t i o n a l  t o  e n l i s t  t he  d a t a  on 
the  vor tex  s t r u c t u r e  o f  the  c loudiness ,  obtained by means of  t e l e v i s i o n  p i c -  
t u r e s  from weather s a t e l l i t e s .  In  work [4] i t  i s  shown, t h a t  t h i s  information 
enables  us with a c e r t a i n  degree o f  accuracy t o  determine the  p o s i t i o n  of t h e  
ground l e v e l  cen te r s  and the s t a g e  o f  t he  development of  t he  cyclones.  /131. 

A s  an example, i n  Figures  1 and 2 we p r e s e n t  the  r e s i s t i t u t e d  and f a c t u a l  
f i e l d s  o f  the  ground l e v e l  p re s su re  f o r  9 hours ,  14 Feburary 1967. 

The r e s u l t s  ob ta ined  gives  us ground t o  cons ider  t h a t  t he  method presented  
may be used f o r  r e s t i t u t i o n  of ground p res su re  f i e l d s  and geos t rophic  wind 
according t o  t h e  weather  s a t e l l i t e  d a t a  on the  cloudiness  f i e l d  over such poor- 
l y  covered with meteorological  i n spec t ion  regions as f o r  example the  watery 
area of t he  oceans.  

156 



Figure 1 .  Factual Ground Level Pressure  F i e l d ,  
9 Hrs . ,  14 Februarla 1967. 

Figure 2 .  R e s t i t u t e d  Ground Level Pressure F i e l d ,  
9 Hrs., 14 February 1967. 

R E F E R E N C E S  

1. Musayelyan, Sh. A .  and A.  Z .  Chkirda: "On t h e  Numerical I n t e r p r e t a t i o n  of 
the  Information on Cloudiness ,  Arr iv ing  From Weather S a t e l l i t e s  , I 1  Trudy 
G W ,  I s sue  166, 1964. 

157 

I 



2.  Matveyev: L .  T . :  "Vertical Currents  i n  the  Boundary Layer of t he  Atmos- 
phere and t h e i r , R e l a t i o n s h i p  wi th  the  Lower and Upper Boundaries o f  t h e  
Cloudiness ,'I Trudy VGMF SA, I s sue  11, 1955. 

Terrestr ia l  Surface  and A l t i t u d e  of t h e  Upper Boundaries of Cloudiness 
According t o  the  Weather S a t e l l i t e  Data," T m d y  MTs, I s sue  11, 1966. 

4 .  Minina, L .  S . : "Primeneniye NabZyudeniy MeteoroZogicheskikh Sputnikov za 
ObZachnym Pokrovom ZemZi pri  AnaZize K a r t  Pogody, I' [ U t i l i z a t i o n  of 
Observations o f  Weather S a t e l l i t e s  on the  Cloud Cover of t h e  Ear th  i n  
the  Analysis  o f  Weather Maps], Gidrometeoizdat Press, Moscow, 1967. 

3.  Boldyrev, V.  G . :  "On t h e  Machine P l o t t i n g  o f  Temperature Maps o f  t h e  

158 



ON THE DETERMINATION OF THE TEMPERATURE OF THE RADIATING SURFACE AND THE 
TOTAL MOISTURE CONTENT ACCORDING TO RADIATION MEASUREMENT ON A SATELLITE 

B. D. Panin 

ABSTRACT. 
d e t e r m i n a t i o n  o f  t h e  temperature o f  t h e  r a d i a t i n g  su r face  
t a k i n g  i n t o  account  t h e  t r a n s f o r m a t i o n  o f  r a d i a t i o n  by t h e  
atmosphere and t h e  t o t a l  mo is tu re  con ten t  acco rd ing  t o  
t h e  measurements o f  t h e  thermal  r a d i a t i o n  on modern weather 
s a t e l l i t e s  i n  t h e  8-30, 8-18 and 6-6.5 1-1 rea ions  o f  t h e  
spectrum, and a l s o  i n  t h e  3-30 and 8-12 1-1 reg ions  o f  t h e  
spectrum i s  analyzed.  
reduced t o  t h e  s o l u t i o n  o f  t h e  system o f  two n o n l i n e a r  
a l g e b r a i c  equat ions  w i t h  respec t  t o  the  r a d i a t i o n  energy 
a t  the  temperature o f  t h e  r a d i a t i n g  su r face  and t h e i r  
s p e c i a l  f u n c t i o n  cor respond ing  t o  t h e  t o t a l  m o i s t u r e  
con ten t ,  acco rd ing  t o  t h e  va lues  of  which then the  tem- 
p e r a t u r e  and mo is tu re  con ten t  a r e  c a l c u l a t e d .  The au tho r  
g i ves  t h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s ,  which a r e  compared 
w i t h  t h e  a c t u a l  magnitudes o f  t he  va lues c a l c u l a t e d .  

The s e t t i n g  up and s o l u t i o n  o f  t h e  problem o f  

The s o l u t i o n  o f  t h e  problem i s  

The determinat ion of  t h e  temperature of  t he  r a d i a t i n g  su r face  (underlying /132 
su r face  o r  the upper boundary o f  t h e  clouds) according t o  the measurements of 
t he  thermal r a d i a t i o n  on modern s a t e l l i t e s  i s  rendered complicated because of 
t h e  d i f f i c u l t i e s  of tak ing  i n t o  account the t ransformat ion  of r a d i a t i o n  by the  
atmosphere. 

Below, we examine the  s e t t i n g  up and s o l u t i o n  o f  t he  problem o f  determina- 
t i o n  of the  temperature o f  t h e  r a d i a t i n g  su r face  on the  b a s i s  o f  allowance f o r  
t ransformation of  r a d i a t i o n  by t h e  atmosphere according t o  the  measurements o f  
the thermal r a d i a t i o n  on modern weather s a t e l l i t e s  i n  8-30, 8-12 and 6-6.5 1.1 
s e c t o r s  o f  the  spectrum, and a l s o  i n  t h e  3-30 and 8-12 p s e c t o r s  of  the  spec- 
t r u m .  

For the  outgoing thermal r a d i a t i o n  i n  t h e  8-30 and 8-12 1-1 s e c t o r s  of t h e  
spectrum assuming that t h e  underlying s u r f a c e  i n  the  clouds r a d i a t e  as an 
abso lu te ly  b lack  body, the t r a n s f e r  equat ions are w r i t t e n  i n  the  fol lowing 
form: 
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' 
i s  the  outgoing r a d i a t i o n ,  E8-30 (T 0 1 9  E8-12(To)9 E8-30(T> 

I. 
where '8-30' '8-12 

and E8-12(T) i s  t h e  energy of t h e  abso lu te ly  b lack  r a d i a t i o n  i n  the  8-30 and 

8-12 p s e c t o r s  of  t he  spectrum wi th  t h e  temperature T of  the  r a d i a t i o n  sur face  

and the  temperature T o f  t h e  atmospheric a i r ,  r e s p e c t i v e l y ,  P8-30, '8-12 

the  t ransmission func t ion  o f  t he  8-30 and 8-12 p s e c t i o n s  o f  t h e  spectrum, 

0 
i s  

w O  , 
u 
dioxide ,  ozone, and the  e f f e c t i v e  content  o f  t hese  components above v a r i a b l e  
l e v e l  r e s p e c t i v e l y .  

mG,  w ,  u, m a r e  t h e  general  e f f e c t i v e  content  o f  t h e  water vapor,  carbon- 
0 '  * 

Let us examine t h e  p o s s i b i l i t y  of so lv ing  equat ions (1) and (2)  wi th r e -  
s p e c t  t o  r a d i a t i o n  energy wi th  the  temperature o f  t he  r a d i a t i n g  s u r f a c e  T 

t h e  t ransmission func t ion ,  corresponding t o  the  f u l l  mass of  absorbing compo- 
nen t s .  

and 
0 

In  t h i s  case w e  w i l l  have i n  mind t h a t  t h e  v a r i a t i o n  o f  t h e  content  o f  
carbon dioxide and ozone i s  considerably smaller than the  v a r i a t i o n  o f  the  
water  vapor.  With s u f f i c i e n t  grounds we can cons ider  t he  v e r t i c a l  d i s t r i b u -  
t i o n s  o f  t h e  carbon dioxide and ozone content  t o  be  known and i n v a r i a b l e ,  o r  
l i m i t  ourse lves  t o  a l lowing f o r  p l ane ta ry  and seasonal  v a r i a t i o n s .  

According t o  t h e  d a t a  i n  work [ l]  the  dependence o f  t he  t ransmission func- /133 
t i o n  on the e f f ec t iveness  of  carbon-dioxide and water-vapor content  i n  the  
8-30 p s e c t o r  o f  t h e  spectrum may be  approximated by t h e  empir ica l  r e l a t i o n -  
s h i p s  o f  the fol lowing types 

where w and u a r e  t h e  e f f e c t i v e  content  o f  the  water  vapor and carbon dioxide 
r e spec t ive ly .  

The v a r i a t i o n s  o f  t h e  general  e f f e c t i v e  content  of carbon dioxide i n  the  
atmosphere l i e s  wi th in  the  bounds o f  110-150 cm. 

For these  values  the  second cofac tor  i n  the  r i g h t  member of  r e l a t i o n s h i p  
(3) i s  equal  t o  0.620 o r  0.654 r e spec t ive ly  ( the  mean va lue  is  0.637).  The 
value of the  ozone on t h e  outgoing r a d i a t i o n  i n  the  8-30 p s e c t o r  o f  the  spec-  
trum i s  very small and w e  s h a l l  not  take i t  i n t o  account.  

In  the  8-12 IA s e c t o r  o f  the  spectrum along wi th  water  vapor the  inf luence  
o f  ozone is  s u b s t a n t i a l .  
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According t o  the  d a t a  o f  G .  Yamomoto and o t h e r s  [ 3 ]  t he  e f f e c t  o f  t he  
ozone may be taken i n t o  account assuming t h a t  i t  i s  l i n e a r l y  connected wi th  
t h e  energy o f  t he  outgoing r a d i a t i o n  i n  t h e  8-12 p s e c t o r  of  t h e  spectrum. 

Following work [ 3 ]  w e  s h a l l  eva lua te  the  in f luence  o f  ozone by in t roduc-  
i n g  co r rec t ions  i n t o  the  values  of t h e  outgoing r a d i a t i o n  energy and ope ra t e  
by the r a d i a t i o n  temperature i n  the  8-1.2 p s e c t o r  of  t h e  spectrum t ak ing  i n t o  
account t h e  co r rec t ions  f o r  ozone. 

Proceeding from the  above, w e  s h a l l  cons ider ,  t h a t  t h e  inf luence  of  carbon 
dioxide i n  t h e  8-30 1-1 s e c t o r  o f  t h e  spectrum may b e  taken i n t o  account through 
t h e  constant  c o e f f i c i e n t  i n  t h e  ( 3 )  r e l a t i o n s h i p  and the  in f luence  i n  the  8-12 
p s e c t o r  o f  t he  spectrum through the  co r rec t ion  t o  the  r a d i a t i o n  temperature .  

Taking t h i s  i n t o  account l a t e r  we s h a l l  use the  des igna t ions  f o r  t h e  t r a n s -  
mission func t ions  i n  the  8-30 and 8-12 p s e c t o r s  of t he  spectrum, which i n d i -  
c a t e  only the  dependence on t h e  unknown water vapor conten t ,  i .e .  , 8- 30 (w) 

To so lve  the  problem posed w e  s h a l l  use the  model o f  t he  atmosphere, i n  
which the  temperature s t r a t i f i c a t i o n  i s  cha rac t e r i zed  wi th  the values  of  t h e  
r a d i a t i o n  temperature ,  corresponding t o  the  r a d i a t i o n  energy i n  the  8-12, 8-30 
and 6.0-6.5 1-1 channels.  We s h a l l  des igna te  these  values  o f  r a d i a t i o n  tempera- 
t u r e  wi th  T* 

and 8-12 1-1 s e c t o r s  of  t he  spectrum a t  the  l e v e l s  t o  which T* and 

T g .  

and T z s 5 .  For the  t ransmission func t ion  i n  t h e  8-30 8-12' T"s30' 

8-12' T"s30 
p e r t a i n ,  we s h a l l  in t roduce  t h e  fol lowing designati .ons 

In  these  des igna t ions  w* W *  and w Z e 5  a r e  values  o f  the e f f e c t i v e  8- 1 2  ' 8- 30 ' 
and T = T* 6 . 5 '  T = T* 8-30 ' moisture content  a t  t he  l e v e l s  where T = T* 8-12' 

In  the  model of  t he  atmosphere examined a l l  the  l e v e l s  a r e  no t  f i x e d  with 
r e spec t  t o  a l t i t u d e  and may s u s t a i n  cons iderable  f l u c t u a t i o n s  which are d e t e r -  
mined mainly by the  v a r i a t i o n s  i n  mois ture .  

For t h i s  model o f  t he  atmosphere equat ions (1) and (2) s h a l l  be r ewr i t t en  
i n  the  fol lowing form: 

161 



In  expressions (4) and (5) t h e  r a d i a t i o n  energy o f  , the  l aye r s  i s  presented  
i n  the  form o f  a h a l f  sum o f  energy, corresponding t o  t h e  values  o f  t h e  temp- 
e r a t u r e  a t  t he  boundary o f  t he  l a y e r s ,  wi th  the  except ion o f  the  l a s t  l a y e r ,  
which extends from t h e  l e v e l  with T = T* 
phere.  

t o  t he  upper boundary o f  t he  atmos- 6 . 5  

Within the  bounds o f  the  l a s t  l a y e r  i t  i s  assumed, t h a t  t he  temperature i s  
an i n v a r i a b l e  wi th  he igh t  and i s  equal t o  T* 

t h i s  l a y e r  t he  t ransmiss ion  func t ion  i n  t h e  8-30 and 8-12 v s e c t o r s  of  the 
spectrum i s  equal  t o  one. 

and a t  t h e  upper boundary o f  6 .5 '  

L e t  us so lve  t h e  problem posed by means o f  equat ions (4) and ( 5 ) .  In  o r & r  
t o  so lve  equat ions (4)  and (5) w i th  r e spec t  t o  E 8-30 (T 0 ) and P8-30(wo) o r  

(T ) and P8-12(wo) i t  i s  necessary t o  decrease the  number o f  t h e  unknowns E8-12 0 
t o  two. Below we s h a l l  examine t h e  method o f  reduct ion  o f  the number o f  un- 
knowns i n  the  equat ions  (4) and (5) t o  two, us ing  c e r t a i n  l i n e a r  empir ica l  re- 
l a t i o n s h i p s .  

The values  o f  t h e  r a d i a t i o n  energy i n  the  8-12 and 8-30 1-1 s e c t o r s  of  t he  
and T* are known. 6 .5  spectrum f o r  T* 8-12' T*s-30' 

Above the  T = T* l e v e l  the  constancy o f  t he  e f f e c t i v e  moisture  content  6 .5  
i s  f u l f i l l e d  with a s u f f i c i e n t  degree o f  accuracy, i . e . ,  w* = cons t .  [2 ] ,  

t h e r e f o r e  a t  t h i s  l e v e l  t he  values  P (w* ) and P (w* ) may b e  a l s o  con- 

s ide red  known. 

6 .5  

8-30 6 .5  8-12 6 .5  

/134 

The ana lys i s  o f  t h e  r e s u l t s  o f  the  t h e o r e t i c a l  ca l cu la t ions  of  t h e  out -  
going r a d i a t i o n  i n  the  8-12 and 8-30 (3-30) 1-1 s e c t o r s  o f  t he  spectrum, and a l s o  
the  measurements of  t h e  s a t e l l i t e s  and the  v e r t i c a l  p r o f i l e s  of  the e f f e c t i v e  
moisture  content  corresponding t o  the  p l ace  and time, i n d i c a t e  t h a t  t he  
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r e l a t i o n s h i p s  o f  the  t ransmission func t ions  P 8-30 (w$- 309 with p8-30(wO) > 

(w* ) with P8-12(wo) i s  c lose  t o  l i n e a r .  These r e l a t i o n s  s a t i s fy  '8-12 8-12 
empir ical  r e l a t i o n s h i p s  : 

The r e l a t i o n s h i p  between P (w) and P8-12(w) i s  nonl inear .  However, i n  
8- 30 

s p i t e  o f  the  n o n l i n e a r i t y  of t he  r e l a t i o n  as a whole, i n  t h e  range of values  

0 . 3  - < P8-12(w) - < 0.92 (5.0 - -  > w > 0 . 1  grams/cm2) t h i s  r e l a t i o n s h i p  i s  c lose  t o  

l i n e a r  and i t  may be  approximated by the  r e l a t i o n s h i p  of t he  fol lowing type 

The 5 . 0  w 2 0.1 grams/cm2 range o f  values  encompasses p r a c t i c a l l y  a l l  

t he  p o s s i b l e  values  of  w;-12 and the  f u l l  e f f e c t i v e  mass of water  vapor wo 
which may t a k e  p l ace  i n  the  atmosphere. 

Ins tances  when w > 5.0 grams/cm2 are r e l a t i v e l y  rare and may take p l ace  
i n  the  t r o p i c s  and i n  t h e  e q u a t o r i a l  zone. 

Proceeding from t h e s e  cons idera t ions  w e  s h a l l  use the  r e l a t i o n s h i p  (8) f o r  /135 
the  expression P 

and ( 5 ) .  

(w ) and P8-12(w$-12) through P8-30(wo) i n  equat ions (4 )  8-12 0 

We should s t r e s s ,  t h a t  with w < 0 .1  grams/cm2 , when the  r e l a t i o n s h i p  (8) 0 
is unsu i t ab le ,  the  con t r ibu t ion  o f  t he  r a d i a t i o n  o f  the  atmosphere t o  the  out -  

% T and the  n e c e s s i t y  f o r  so lv ing  the  problem going r a d i a t i o n  i s  small, 

p r a c t i c a l l y  d isappears .  
0 

The eva lua t ion  of magnitudes of w* shows t h a t  i n  the  g r e a t  major i ty  of  
8- 30 

cases they l i e  wi th in  the  bounds of 0 .01  < w* 
values  the r e l a t i o n s h i p  P8-12(w*8-30) with P 

l i n e a r  func t ion  of t he  fol lowing appearance 

< 0 . 3  grams/cm2. For these  - 8-30 - 
(w ) may be  approximated by t h e  8-30 0 

(9) 
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Formulas (6-9) enable  us t o  express  a l l  o f  the  va lues  o f  t h e  t ransmission 
func t ion  i n  equat ions (4) and (5) with P (w ) .  8-30 0 

I n  o rde r  t o  t ransform equat ions  (4) and (5) i n  such a way t h a t  i n  them, 
i n  add i t ion  t o  P 

l i n e a r  r e l a t i o n s h i p  

(w ) only Es-30(To) would func t ion  a lone ,  w e  s h a l l  use the  8-30 0 

where q i s  a cons tan t .  The constancy of  q i s  f u l f i l l e d  w e l l  under the  condi- 
t i o n  t h a t  t he  range of va lues*of  the temperature ,  f o r  which we assume t h i s  
condi t ion ,  s a t i s f i e s  t h e  i n e q u a l i t i e s  

To - 

The corresponding values  o f  q may be s e l e c t e d  according t o  the  values  o f  

T"s12. 

Having s u b s t i t u t e d  r e l a t i o n s h i p s  (6-10) i n  equat ions  (4) and (5 ) ,  w e  sha l l  
ob ta in  the  system of two non l inea r  equat ions wi th  r e spec t  t o  x = E (T ) 8-30 0 
y = P (w ) :  8-30 0 

where 

t 
18-30 = 1 . 2 ~ ~  + a1y + 6, 
18t-1~ = x (0.1 + 0,38y) + a,y + b, 

From the  system of equat ions (11) we have 

t 
z8-30 - '1 

Taking i n t o  account (12)  from (11) w e  o b t a i n  the  q u a d r a t i c  equat ion wi th  
r e spec t  t o  x 
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0,12x2 + Bx + c =. 0, 

where 

As i nd ica t ed  by c a l c u l a t i o n s ,  t he  s o l u t i o n  o f  t he  q u a d r a t i c  equat ion (13) /136 
corresponding t o  the minus sign (-) befo re  t h e  r o o t ,  i s  always negat ive .  
Therefore ,  w e  s h a l l  use only t h e  s o l u t i o n ,  corresponding t o  the  p l u s  s i g n  (+) 
befo re  the  r o o t ,  i . e . ,  

--B -k O K  
024 x -- 

S u b s t i t u t i n g  x i n  (12) ,  w e  ob ta in  y ,  i . e .  P8-30 (w ) .  

T and wo according t o  t h e  values  o f  E (T ) and P (w ) .  

Then we determine 

0 8-30 0 8-30 0 

Below we have examined the  s o l u t i o n  o f  the  problem f o r  the  cases when we 
and T* 5 - 1 2 >  Ti-309 6 . 5 '  use t h r e e  types o f  i n i t i a l  d a t a ,  i . e . ,  

We have i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of  s impl i fy ing  t h e  problem by means 
o f  using i t  f o r  the  s o l u t i o n  o f  two types o f  i n i t i a l  d a t a  T* and '"8-30 O r  8-12 

and T* In  t h i s  case we use the  same c a l c u l a t i o n  formulas (12) ,  (14) T*8-12 8- 30 ' 
and (15) ,  b u t  formulas (11 ' )  a r e  presented  i n  the  fol lowing form: 

Formulas (16) were obta ined  from formulas (11 ' )  on the b a s i s  o f  t he  analy-  
s is  o f  r a d i a t i o n s  i n  t h e  8-30, and 6-6.5 1-1 s e c t o r s  of the spectrum. The r a t -  
i o n a l i t y  of  t h i s  s i m p l i f i c a t i o n  i s  s u b s t a n t i a t e d  by the  r e s u l t s  of  t he  ca l cu la -  
t i o n s ,  which were c a r r i e d  out  on an e l e c t r o n  computer according t o  the  d a t a  of  
t he  Ti ros-3  s a t e l l i t e  ( o r b i t  No. 44) with t h e  use o f  formulas (11 ' )  and (16) .  

The ca l cu la t ions  show, t h a t  t he  use of  formulas (16) has a small effect  
and w o .  on the  r e s u l t s  o f  ca l cu la t ions  o f  T The d i f f e rences  i n  the  values  o f  0 
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T and w ca l cu la t ed  by us ing  formulas (11') and (16) , as a r u l e  do n o t  exceed 

k2' and &0.5 grams/cm2 r e s p e c t i v e l y .  
0 0' 

The c a l c u l a t i o n s  o f  T and w us ing  formulas (16) were performed a l s o  ac- 

cording t o  t h e  Kosmos-122 s a t e l l i t e  ( o r b i t s  No. 207 and 208). The evaluati .ons 
c a r r i e d  ou t  p r e l i m i n a r i l y  ind ica t ed  t h e  d i f f e rences  i n  the  s p e c t r a l  ranges o f  
8-30 and 3-30 1-1 have an i n s i g n i f i c a n t  effect  on t h e  values  o f  t he  r a d i a t i o n  
temperature (T* . Therefore ,  according t o  t h e  Kosmos-122 s a t e l l i t e  

d a t a  a l l  t h e  c a l c u l a t i o n s  were performed wi th  the  same formulas (12) - (14) ,  (16) ; 
i . e .  , t h e  d i f f e rences  i n  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  equipment were 
no t  taken i n t o  account.  

0 0 

8-30% T;-30) 

Cer t a in  r e s u l t s  of  t h e  ca l cu la t ions  according t o  the  Ti ros- I11  s a t e l l i t e  
( o r b i t  No. 44) a r e  given i n  Figure 1 and 2 and according t o  t h e  Kosmos-122 
s a t e l l i t e  d a t a  ( o r b i t s  No. 207 and 208) i n  F igure  3 .  In  Figure 4 and 5 w e  
g ive  t h e  synop t i c  maps f o r  t he  per iods  c lose  i n  time t o  t h e  observa t ions  from 
t h e  s a t e l l i t e s .  

I t  is d i f f i c u l t  t o  ca r ry  out  t he  eva lua t ions  o f  t h e  r e s u l t s  o f  ca l cu la -  
t i o n s  of T and w because w e  do n o t  have t h e  a c t u a l  magnitudes o f  t hese  values  

during the  time of observa t ion  from t h e  s a t e l l i t e s .  
s u l t s  o f  c a l c u l a t i o n s  o€ To wi th  t h e  temperature of  t h e  ground l e v e l  a i r  ac- 

cording t o  the  d a t a  o f  observa t ions  a t  t h e  s t a t i o n s  i n  t h e  North Afr ican region, 
where little cloudy and unclouded weather were observed i n d i c a t e s ,  t h a t  i n  the  
major i ty  o f  the cases t h e  ca l cu la t ed  values  o f  To exceed t h e  a c t u a l  values  o f  

the temperature a t  t h e  l e v e l  of t he  cyclometr ic  booth by 20-2S0. On t h e  aver- 
age the  d i f f e rence  between the  temperature a t  the  booth  l e v e l  and the tempera- 
t u r e  o f  the  underlying s u r f a c e  during day l igh t  hours under a c loudless  sky f o r  
con t inen ta l  regions a l s o  l i e  wi th in  these  l i m i t s  [4] .  This gives  us grounds 
t o  assume, t h a t  f o r  c loudless  condi t ions the  c a l c u l a t e d  values  o f  To r e f l e c t  
t he  p r i n c i p a l  f e a t u r e s  o f  t he  a c t u a l  d i s t r i b u t i o n  o f  t h e  temperature of  t h e  

0 0 
The comparison o f  t he  r e -  

/139 

. underlying s u r f a c e .  

In t h e  regions wi th  s o l i d  t h i c k  f r o n t a l  c loudiness  the  To values  obta ined  

d i f f e r  l i t t l e  from the  values  of  the  r a d i a t i o n  temperature i n  t h e  8-12 1-1 s e c t o r  
o f  t h e  spectrum (Ti-l2) , . which a l s o  corresponds t o  the  e x i s t i n g  concepts.  

I t  i s  p r a c t i c a l l y  impossible  t o  i n t e r p r e t  t he  r e s u l t s  o f  ca l cu la t ion  o f  /140 
i n  regions wi th  c i r r u s  o r  nonsol id  c loudiness  o f  t h e  middle and lower l e v e l s  - T 

I n  these  regions the  ca l cu la t ed  values o f  To exceed T* 

are below the  temperature a t  t he  booth l e v e l .  

0 
b u t  as a r u l e  they 8-12' 
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\ \ \ 
10 0 10 20 

Figure  1. Resul ts o f  Ca lcu la t ions  o f  T According t o  the T i r o s - I l l  S a t e l l i t e  15 J u l y  1961, 
O r b i t  No. 44, Greenwich Time 10 Hrs. 42 Min.--10 H r s .  55 Min. (To the r i g h t  above and below 
we mark the values o f  T ca lcu la ted  us ing  the  formulas ( 1 1 ' )  and (16) respec t i ve l y ) .  

0 

0' 



F igu re  2. 

S a t e l l i t e  

Resul ts  of Ca lcu la t i ons  of wo grams/cm2 Accord ing t o  the  Data o f  T i r o s - I  I I 

15 J u l y  1961, O r b i t  No. 44, 10 Hrs.  42 Min.--10 t i r s .  55 Min. Greenwich Time. 



0 IO 

Figure 3 .  
(Marked Above t o  t h e  R i g h t )  and wo grams/ 

/ c m 2  (To t h e  Right Below), According t o  t h e  

Kosmos-122 S a t e l l i t e  Data,  Orbi t  No. 207 
and 208, 9 Hrs. 15 Min.--10 Hrs. 57 M i n .  
G reenw i ch T i m e .  

Results of Calcu la t ions  o f  TOoC 

I n  conclusion we no te  t h a t  t he  at tempts  

The eva lua t ion  o f  t h e  

0 
r e s u l t s  o f  c a l c u l a t i o n  of  w 

was made us ing  t h e  d a t a  of  20 
radiosonde observa t ions .  The 
va lues  o f  t he  t o t a l  e f f e c t i v e  
moisture  content  i n  t h e  regions 
with c loudless  weather,  cal-  
cu la t ed  according t o  t h e  r ad ia -  
t i o n  measurements from a sa t -  
e l l i t e  and according t o  t h e  
radiosonde da ta ,  i n  p o i n t s  
l oca t ed  near the regions ob- 
se rved  by the  s a t e l l i t e s ,  when 
t h e  d i f f e r e n c e  i n  observa t ion  
time d id  not  exceed 3 h r s . ,  
d i f f e r  on the average by not  
more than 0 .43  grams/cm2 ( the 
mean absolu te  e r r o r ) .  

Na tu ra l ly  the  above- 
mentioned eva lua t ions ,  especial-  
l y  w i t h  r e spec t  t o  ca l cu la t ions  
of  wo do not  pre tend  t o  be  

s t r i c t  and may be examined as 
t e n t a t i v e .  

The s u b s t a n t i a t e d  reason- 
ings  on the  e f f ec t iveness  of  
t he  method examined f o r  de t e r -  
mining the  temperature o f  t h e  
r a d i a t i n g  s u r f a c e  and the  t o t a l  
moisture  content  may be  s t a t e d  
only a f t e r  a comprehensive 
checking by means o f  comparison 
o f  t he  r e s u l t s  o f  c a l c u l a t i o n s  
with the  a c t u a l  da t a .  

However, t he  r e s u l t s  ob- 
t a i n e d  enable  us t o  consider ,  
t h a t  t h e  approach presented  
may be used i n  automation of  
t h e  processing o f  information 
from modern weather s a t e l l i t e s .  

t o  so lve  the  problem examined more 
s t r i c t l y  without  l i m i t a t i o n s ,  connected wi th  the  use of linea? r e l a t i o n s h i p s  
f o r  the  r a d i a t i o n  energy and the  t ransmission func t ion  d i d  n o t  b r i n g  about an /141 
Moreover the c a l c u l a t i o n  formulas are becoming much more complicated.  



Figure 4 .  Weather Map f o r  12 Hours Greenwich Time, 15 J u l y  1961. 



1. 

2 .  

3 .  

4. 

F i g u r e  5.  Weather Map f o r  9 Hours Moscow T i m e ,  9 Ju ly  1966. 
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EFFECT OF ANISOTROPY' OF THE REFLECTION FROM THE UNDERLYING SURFACE ON 
DETERMINATION OF THE FLOW OF OUTGOING SHORTWAVE RADIATION ACCORDING TO 

MEASUREMENTS FROM A SATELLITE 

K. S .  S h i f r i n  and V .  Yu. Ko lomiy tsev  

ABSTRACT. The au tho rs  have c a l c u l a t e d  t h e  o u t g o i n g  s h o r t -  
wave r a d i a t i o n  (OSR) f i e l d s  ove r  snow and a g i t a t e d  seas. 
The au tho rs  ob ta ined  t h e  formulas c h a r a c t e r i z i n g  t h e  inc rease 
i n  t h e  s e n s i t i v i t y  o f  t h e  OSR f i e l d  t o  t h e  t y p e  o f  r e f l e c t i o n  
i n d i c a t r i x  B w i t h  t h e  growth o f  t h e  a lbedo.  The OSR f l o w s  
a r e  p r a c t i c a l l y  independent o f  t h e  t y p e  o f  B. The au tho rs  
g i v e  a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  a p p l i c a b i l i t y  o f  t h e  
Lambert ian system o f  convers ion  f rom t h e  b r i g h t n e s s  t o  t h e  
f low f o r  t h e  su r face  w i t h  a r b i t r a r y  B and Albedo A.  They 
show t h a t  t h e  g r e a t e r  i s  A t h e  more r i g i d  t h e  requi rements 
a r e  p resented  t o  va lue  B. Wi th  t h e  e x c e p t i o n  o f  smal l  r e -  
g ions  o f  ang les ,  t h e  Lambert ian system i s  a p p l i c a b l e  t o  the  
watery  u n d e r l y i n g  su r face  and i s  no t  a p p l i c a b l e  t o  t h e  
snow su r face .  

I n t rod u c t i on 

Calcula t ions  performed i n  works 11, 2 1 ,  enable  us t o  t u r n  t o  the  ana lys i s  
o f  ou r  p r i n c i p a l  problem, namely t h e  development o f  a system o f  conversion from' 
b r i g h t n e s s ,  measured from a s a t e l l i t e  t o  the  flow o f  shortwave r a d i a t i o n  going 
i n t o  the  o u t e r  space.  
balance of  the  atmosphere and f u r t h e r  f o r  eva lua t ing  the  h e a t i n g  o f  t he  atmos- 
phere through absorp t ion  o f  s o l a r  r a d i a t i o n .  

/ 1 4 2  

This flow i s  ind i spens ib l e  f o r  c a l c u l a t i n g  the  r a d i a t i o n  

Let us assume t h a t  a lowest l i m i t  of  t he  r a d i a t i o n  hea t ing ,  which is  s t i l l  
worthwhile t ak ing  i n t o  account,  has  the fol lowing va lue  

(1) 
dT 
tit __ -0,5 degrees/24 h r s  . 

Considering the  atmosphere t o  be homogeneous wi th  parameters c = 0.24 c a l l  
P 

gram/degree 
i s  absorbed by the  column of  the  atmosphere of a u n i t  c ros s - sec t ion  i n  a u n i t  
o f  time i n  measuring t h e  temperature p e r  0.5"/24 h r s .  through r a d i a t i o n  hea t ing  

pH = l o 3  gram/cm2, i t  is  easy t o  f i n d  the  amount o f  h e a t ,  which 
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Apparently t h e  flow value obtainedj y i e l d s  an absolu te  e r r o r  permiss ib le  
i n  t h e  determinat ion o f  the  r a d i a t i o n  ba lance .  

S ince '  the  t r a n s f e r  o f  r a d i a n t  energy through t h e  a r b i t r a r y  elemedt o f  
volume occurs  i n  t h e  v e r t i c a l  d i r e c t i o n  (within t h e  framework of t h e  p lane-  
s t r a t i f i e d  model o f  t h e  atmosphere) , t h i s  r a d i a t i o n ,  absorbed by the  v e r t i c a l  
column, is determined by t h e  flows o f  energy on the  upper and lower boundaries 

F1 and F2 

( 3) AQ - A t  L= ( F ,  - F J  ca l /  cm2*min. 

f A s  w e  know, F1 = S cos i - F , F2 = E ( l  - A ) .  

s t a n t .  F i s  the  flow leaving  the  upper boundary f o r  t he  o u t e r  space,  E i s  
the  t o t a l  r a d i a t i o n  nea r  t he  s u r f a c e  of  t he  e a r t h ,  A i s  the  albedo o f  t he  under- 
l y ing  s u r f a c e .  From formulas (2) and (3) i t  fol lows t h a t  it i s  s u f f i c i e n t  t o  /143 
determine t h e  flows of the  OSR (Outgoing Shortwave Radiat ion)  with an accuracy 
of 

Here, S i s  s o l a r  con: 0 0 
1. 

(4 )  
2 .  AFt -0.04 cal/cm emin. 

The f a c t  t h a t  the  absolu te  and no t  t he  r e l a t i v e  e r r o r  i s  e s s e n t i a l  i n  t h e  
determinat ion of the  flows , s i m p l i f i e s  considerably t h e  problem of  f ind ing  the  
above-mentioned system o f  conversion wi th  small albedos of  the  underlying s u r -  
f a c e ,  and t o  t h e  cont ra ry ,  complicates it with l a r g e  A .  Moreover, inasmuch 
as the value of t he  O S R  flows above t h e  s e a  i s  l i t t l e  g r e a t e r  than 0 . 1  cal/cm2- 
amin. [ 2 ]  and consequently i t  i s  s u f f i c i e n t  t o  determine them with the  accuracy 
of  the  o rde r  of 40%, f o r  t he  c loudless  s e a  the  values  of t he  flows may be  f ixed  
a t  c e r t a i n  mean magnitudes. But t h i s ,  o f  course , .does  n o t  s i g n i f y  t h a t  we do 
no t  need any measurements o f  t he  outgoing r a d i a t i o n  above the  c loudless  s e a ,  
s i n c e  the  OSR f i e l d  c a r r i e s  information on the  c h a r a c t e r i s t i c s  of  t he  su r face  
of the  s e a  and the  atmosphere and may s e r v e  f o r  t h e i r  determinat ion.  
inasmuch as i n  ope ra t ive  process ing  o f  information a r r i v i n g  from s a t e l l i t e s  , 
i t  i s  much more convenient t o  have. a s i n g l e  a lgori thm f o r  a l l  t he  underlying 
s u r f a c e s ,  i t  i s  s e n s i b l e  t o  check t h e  a p p l i c a b i l i t y  o f  t h e  Lambertian system 
of  conversion from b r i g h t c e s s  t o  the  flow [3]  f o r  t h e  case o f  c loudless  atmos- 
phere above the  s e a .  
t i o n  from t h e  underlying su r face  a f f e c t s  the  OSR f i e l d  t h e  s t r o n g e r ,  the  g rea t -  
e r  i s  the albedo o f  t h e  su r face .  Let us t u r n  t o  the  q u a n t i t a t i v e  s i d e  of t h i s  
problem, car ry ing  o u t  a comparison o f  t he  r a d i a t i o n  f i e l d s  above t h e  sea and 
snow. 

Moreover, 

A s  w e  have a l ready  noted,  t h e  an iso t ropy  o f  t h e  r e f l e c -  

§ 1 .  Deviation from t h e  Lambertian Nature of  t h e  O S R  F i e l d  Over  Snow and t h e  
Sea 

Let us examine the  OSR f i e l d  over  snow wi th  a r e f l e c t i o n  c o e f f i c i e n t  taken 
from work [ 4 ] :  
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Here w e  do n o t  exclude t h e  effect  o f  d i f f u s e d  r a d i a t i o n ,  t he re fo re  func- 
The i n t e n s i t y  t i o n  Rc(8, i ,  4) determines t h e  r e f l e c t i o n  o f  t o t a l  r a d i a t i o n .  

of . the  r a d i a t i o n  r e f l e c t e d  from t h e  su r face  on the  upper boundary o f  t h e  a tmos  
phere i s  expressed wi th  t h e  formula 

where 

E i s  the  t o t a l  i l luminance ,  T i s  the t ransmission func t ion  of the atmosphere, 
Ac(i)  i s  the  albedo of t h e  snow, obta ined  e a s i l y  from t h e  expression f o r  t h e  

r e f l e c t i o n  c o e f f i c i e n t :  
- - 

x 1  

A, (i) = dp s R, [e, i, y )  sin 20 do = 0.8 - 0.24 COS i. 
0 0  

Adding up t h e  r e f l e c t e d  r a d i a t i o n  wi th  the  b r igh tness  o f  t he  haze,  we 
obta in  the  OSR f i e l d  over  t he  snow on the  upper boundary o f  the  atmosphere: 

I n  the  same way as i n  the  case o f  t h e  sea 111 i t  i s n ' t  hard  t o  f i n d  t h e  

Let us  write down t h e  magni- 

/144 
OSR f i e l d  above t h e  Lambertian snow s u r f a c e  I', f o r  which i t  i s  s u f f i c i e n t  t o  
r ep lace  i n  formula (6) R ( e ,  i , $  ) by AC(i ) /n .  

tudes o f  the mean values  and d ispers ion  func t ions  f = I/I' f o r  t he  sea (rm,om) 

and snow ( f c ,  ac) underlying su r faces  (Table 1). 

from t h e  Lambertian s t a t e  i s  q u i t e  l a r g e  and approximately o f  t he  same o rde r  
f o r  both cases, although the  anisotropy of the r e f l e c t i o n  from t h e  wave cover- 
ed sea  i s  expressed more sharp ly . '  This i s  explained by t h e  f a c t  t h a t  upon 
conversion from the sea s u r f a c e  t o  t h e  snow the  albedo grows considerably and 
t h e  con t r ibu t ion  of  t h e  d i f fused  r a d i a t i o n  t o  the  outgoing r a d i a t i o n  decreases 
appreciably.  
outgoing r a d i a t i o n  i n t e n s i t y  t o  the  type o f  t h e  r e f l e c t i o n  c o e f f i c i e n t ,  which 

C. 

We see, t h a t  the  devia t ions  

The l a t t e r  r e s u l t s  i n  &n i nc rease  of  t h e  s e n s i t i v i t y  of  t h e  
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compensates the  decrease o f  t he  anisotropy of r e f l e c t i o n  upon conversion from 
the  s e a  t o  the snow and the r e s u l t s  i n  an approximately s imilar  dev ia t ion  from 
the  Lambertian s t a t e .  We n o t e ,  t h a t  the  absolu te  changes o f  i n t e n s i t y  upon 
conversion from the real r e f l e c t i o n  t o  the i s o t r o p i c  i n  t h e  case of  snow w i l l  
b e  no t i ced  more. Indeed, 

20 
40 
60 
so 

I 
I 7 = f ,  A I  = 1'- I = I'(1 - f ) ,  

1,1 
0 , s  
0,92 
0,86 

b u t  value I '  i s  s e v e r a l  times g r e a t e r  f o r  snow than f o r  t he  sea, and values  

f 

o f  t he  real r e f l e c t i o n  wi th  i s o t r o p i c  r e f l e c t i o n  they change n e g l i g i b l y  l i t t l e .  
These flows coincide on the  l e v e l  o f  t he  underlying s u r f a c e  ( su r faces  with 
equal albedo and d i f f e r e n t  r e f l e c t i o n  laws are compared) and t h e  e q u a l i t y  
between them on  the  upper boundary o f  the  atmosphere i s  d i s rup ted  only through 
the  change o f  the  absorp t ion  o f  r e f l e c t e d  r a d i a t i o n  upon t h e  r e d i s t r i b u t i o n  o f  
it over  the angles .  Therefore ,  i n  ca l cu la t ing  the flows of  outgoing r a d i a t i o n  
wi th  any underlying s u r f a c e ,  we can always consider  t h a t  t h e  r e f l e c t i o n  occurs  
i s o t r o p i c a l l y .  Our problem however, i s  much more complicated.  We had t o  de- 
termine the  OSR flow according t o  a s e p a r a t e  value of t he  i n t e n s i t y ,  which 
depends t o  a g r e a t  ex ten t  on t h e  r e f l e c t i o n .  c o e f f i c i e n t .  

- 
and fc a r e  approximately equal .  As f o r  t he  OSR f lows,  upon t h e  replacement 

U 

T A B L E  1 .  MEAN V A L U E S  A N D  DISPERSION O F  THE R E L A T I V E  D E V -  
I A T I O N  OF THE OSR F I E L D  FROM THE F I E L D  WITH ISOTROPIC R E -  
F L E C T I O N  FOR T H E  SEA A N D  SNOW. 

OM 

0,27 
0,29 
0,40 
0.35 

7, 
~ 

0,97 
0,94 
0,87 
0,79 

0 .  

0,07 

0,36 
0,40 

0,22 

T r .  Note: Commas i nd ica t e  decimal po in t s .  

52. Effec t  of t h e  Ref lec t ion  Anisotropy o n  t h e  Outgoing Radiation W i t h  
D i  f f e r e n t  A1 bedos 

Let us examine the  problem o f  t h e  s e n s i t i v i t y  o f  the  OSR f i e l d  t o  aniso-  
t ropy o f  r e f l e c t i o n  i n  r e l a t i o n  t o  t h e  albedo o f  t h e  underlying s u r f a c e .  For 
t h i s  purpose i t  i s  convenient t o  d iv ide  the  r e f l e c t i o n  c o e f f i c i e n t  R i n t o  the  
energy (albedo o f  d i r e c t  r a d i a t i o n  A) and angular  ( r e f l e c t i o n  R '  i n d i c a t r i x )  /145 
p a r t s  : 

For the c o e f f i c i e n t  and t h e  i n d i c a t r i x  o f  t h e  r e f l e c t i o n  as we know, t h e  
fol lowing s t anda rd iza t ion  condi t ions  are f u l f i  1 led :  
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In  t h e  case o f  i s o t r o p i c  r e f l e c t i o n  va lues  R and R '  have a s imple form: 

A 1 1 
R- =-, R: =-=oo,318- 

IS x s t e r .  I S  x 

The r a d i a t i o n  i n t e n s i t y  on t h e  upper boundary of t h e  atmosphere may be  
presented  i n  t h e  form of  

where I i s  the con t r ibu t ion  o f  t he  d i f f u s e d  r a d i a t i o n  i n  the OSR f i e l d .  How- 

eve r  upon the  change o f  t he  r e f l e c t i o n  c o e f f i c i e n t  through t h e  va lue  o f  R '  
(with a f ixed  albedo) these  i s  a change i n  only t h e  r e f l e c t e d  d i r e c t  r a d i a t i o n  

P 

Io : 

(14) 
lo(4 y, i)=ti(O, i, ?)j l ( i ,  O ) = A ( i ) R ' ( %  i, y ) l l ( i ,  e ) ,  

where 

i s  the  d i r e c t  r a d i a t i o n  a t  the  l e v e l  o f  t h e  underlying s u r f a c e .  Therefore ,  

A / @ ,  i, ~ ) = = h / , ( 8 ,  i, y ) = A ( i ) W ' ( O ,  i, y ) I l ( i ,  8). (16) 

From t h i s  w e  can s e e ,  t h a t  the  s e n s i t i v i t y  of t he  outgoing r a d i a t i o n  i n -  
t e n s i t y  t o  the type  o f  t h e  r e f l e c t i o n  i n d i c a t r i x  inc reases  l i n e a r l y  with the 
inc rease  of 

Inasmuch as the albedo may change more than by one o rde r  ( f o r  example i n  con- 
vers ion  from water  t o  snow) and inasmuch as we a r e  i n t e r e s t e d  p r e c i s e l y  by t h e  
absolute '  e r r o r s ,  caused by the  approximate e s t ima t ion  of t he  r e f l e c t i o n  aniso-  
t ropy ( the  absolu te  e r r o r s  o f  t he  cu r ren t s  sought i s  f i x e d  f o r  t he  system of  
conversion) ,  then,  i f  f o r  the  two su r faces  A /A = ct > 1, the  r e f l e c t i o n  i n -  

d i c a t r i x  f o r  t he  first su r face  may be  p re sc r ibed  wi th  an absolu te  e r r o r  ct 
times g r e a t e r  than f o r  t h e  second: 

2 1  
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With t h e  growth o f  t he  albedo t h e r e  i s  a l s o  an increase o f  t h e  r e l a t ive  
change o f  i n t e n s i t y  o f  t h e  outgoing r a d i a t i o n  when t h e  r e f l e c t i o n  i n d i c a t r i x  
increment va lue  AR' is  f ixed .  Actua l ly ,  l e t  us examine the  expression 

I (R'.+ AR') - I  (R' )  - _ - -  AI AZO 
- I ( P )  I -- Io + I ,  . 

Using formulas (14) and (16) ,  we converted t o  t h e  form 

AI AR' 1 

Inasmuch as the  con t r ibu t ion  o f  d i f f u s e d  r a d i a t i o n  t o  the  outgoing r ad ia -  /146 
t i o n  decreases  with t h e  growth of t h e  albedo,  the  r a t i o  I / I  

value AI/I i nc reases .  

i nc reases  and 
P O  

S3. Appl  icabi l i  t y  of  the Lambertian System of Conversion 

Let us examine the  ques t ion  o f  a p p l i c a b i l i t y  o f  t he  L m b e r t i a n  system of  
conversion from b r igh tness  t o  flows [3] i n  t h e  case o f  a n i s o t r o p i c  r e f l e c t i o n  
from- t h e  underlying s u r f a c e .  Let us f i n d  t h e  r e l a t i o n s h i p  between the  devia- 
t i o n  from t h e  i s o t r o p i c  r e f l e c t i o n  and the  corresponding change of  t h e  flow 
of  t he  outgoing r a d i a t i o n ,  ob ta ined  according t o  the Lambertian system. More 
p r e c i s e l y ,  according t o  the  p re sc r ibed  value of. t he  r a d i a t i o n  i n t e n s i t y  I ( i ,  
8 ,  +) w e  look f o r  t h e  dev ia t ion  AR'(0, i ,  +) of  t h e  r e f l e c t i o n  i n d i c a t r i x  from 
the  Lambertian (with a f i x e d  albedo A), causing e r r o r  AF i n  the  determinat ion 
of  t he  Lambertian system of  hemispheric  flow F .  Let us remind t h e  r eade r  t h a t  
the  flow of outgoing r a d i a t i o n  from t h e  upper boundary i s  p r a c t i c a l l y  independ- 
e n t  on t h e  type o f  b r igh tness  i n d i c a t r i x ,  and i s  determined by the  h e i g h t  of  
t he  sun arid the  albedo, t h e r e f o r e ,  h e r e  we a re  speaking about t he  e r r o r s  i n t r o -  
duced by t h e  conversion system. For va lue  I i n  t h e  case of  a n i s o t r o p i c  r e -  
f l e c t i o n  from formulas *(13) and (14) w e  have 

From h e r e ,  
s a t e l l i t e )  and the  known funct ions  R', and I1 and I 

the  looked-for flow F ( i ,  A). I f ,  however, w e  consider  t he  r e f l e c t i o n  from the  
given su r face  t o  be  i s o t r o p i c  ( R '  = l / v ) ,  i . e . ,  we apply the Lambertian system, 

according t o  the p resc r ibed  va lue  of  I ( t h e  value measured on t h e  
w e  can f i n d  A and then 

P 

177 



then wi th  the  same va lue  of I w e  ob ta in  a d i f f e r e n t  albedo A '  and accordingly 
an i n c o r r e c t  va lue  of t he  flow F ( i ,  A ' ) .  Consider ing the  d i f fused  r a d i a t i o n  
t o  be the  l i n e a r  func t ion  of t h e  albedo and us ing  equat ion (20), w e  can e a s i l y  
f i n d  the  looked-for  dependence of  t h e  value AR'  on I and AF. I t  i s  more con- 
ven ien t ,  however, t o  c o r r e l a t e  func t ion  AR'  wi th  values  o f  AF and A ,  s o  as t o  
ob ta in  d i r e c t l y  the  pe rmis s ib l e  devia t ions  from t h e  i s o t r o p i c  r e f l e c t i o n  f o r  
t h e  s u r f a c e  wi th  t h e  p re sc r ibed  albedo. Let I be  the  i n t e n s i t y  o f  t he  out -  
going r a d i a t i o n  over  t h e  Lambertian s u r f a c e  wi th  albedo A ,  F(1)  i s  t h e  cu r ren t  
ob ta ined  according t o  t h e  Lambertian system and co inc id ing  wi th  i t s  t r u e  v a l u e  
With dev ia t ion  from t h e  i s o t r o p i c  r e f l e c t i o n  by t h e  value of  AR'  = I l / a  - R ' I  

the  i n t e n s i t y  I w i l l  change according t o  formula (16):  A I  = A A R ' I  and a l -  

though the  OSR flow remains t h e  same, the  app l i ca t ion  o f  t h e  Lambertian system 
w i l l  r e s u l t s  i n  an e r r o r  AF = dF/dI x AI. From he re  w e  a t  once f i n d  t h e  looked- 
f o r  r e l a t i o n s h i p  between t h e  values  A R '  , AF and A :  

l '  

and 

where 

Using t h e  OSR f i e l d  values  ca l cu la t ed  by us [3] ,  we have found func t ion  
@. I t  was found t h a t  dependence upon angle- 4 i s  p r a c t i c a l l y  absent ,  and the  
changes wi th  r e spec t  t o  0 a r e  no t i ceab le  only  a t  l a r g e  angles;  the  f i n a l  values 
o f  func t ion  Q(i, 0 )  a r e  summarized i n  Table  2 .  I n  t h i s  way, p re sc r ib ing  t o  
ourse lves  e r r o r  AF i n  t h e  determinat ion o f  t h e  flow and albedo A ,  w e  a t  once 
f i n d  the  dev ia t ion  from t h e  i s o t r o p i c  r e f l e c t i o n ,  with which w e  may s t i l l  use 
the  Lambertian system t o  ob ta in  t h e  c o r r e c t  values  o f  t he  OSR flow (within 
t h e  bounds o f  e r r o r  AF). Formula (22 )  has a c l e a r  phys i ca l  sense :  t he  g r e a t e r  
t h e  albedo, t he  s t ronge r .  i s  the  in f luence  o f  t he  underlying su r face  on t h e  
outgoing r a d i a t i o n ,  and consequently,  the sma l l e r  are t h e  changes i n  t h e  r e -  
f l e c t i o n  i n d i c a t r i x  which l ead  t o  t h e  same e r r o r s  i n  t h e  determinat ion o f  t h e  
flow; the  d i r e c t  p r o p o r t i o n a l i t y  between A R '  and AF s i g n i f i e s  the  simple f a c t  
t h a t  the  g r e a t e r  t h e  dev ia t ion  from the  i s o t r o p i c  r e f l e c t i o n ,  t h e  rougher i s  
t h e  determinat ion of t h e  flow according t o  the  Lambertian system; and f i n a l l y ,  
the  inc rease  of  func t ion  @ ( i ,  e )  upon the  inc rease  o f  i and 0 i s  connected 
wi th  the  decrease of  t h e  con t r ibu t ion  o f  t h e  underlying su r face  t o  t h e  outgo- 
ing  r a d i a t i o n  a t  lower a l t i t u d e s  of t he  sun.  Therefore  i t  i s  no t  d i f f i c u l t  t o  
eva lua te  the  cor rec tness  of  t h e  Lambertian system f o r  t he  wave covered marine 
s u r f a c e ,  and a l s o  t o  car ry  out  a comparison with the  case o f  r e f l e c t i o n  from 
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t he  snow s u r f a c e .  
Then i n  t h e  case o f  t h e  sea, us ing  t h e  value of  t h e  d i r e c t  r a d i a t i o n  albedo 
[SI, w e  ob ta in  f o r  a l l  i and 8 - < 60°, 

L e t  A F  = 0.04 cal/cm2-min., according t o  formula ( 4 ) .  

- _  
e o  

~ 10  
0--60 I 75 

. _  - 

2o 40 I ::2:j ::gt j 

AR'-0,60, -- AR' - i; AR' =1900/o 
R: 
IS 

eo 

0--60 1 75 

i: 4,1 4,9 
0,94 1 1,2 

I :  

0-180 
2: 1 0-45 
40 0-25 

We can s e e  t h a t  t he  permiss ib le  devia t ions  from the  Lambertian n a t u r e  a r e  
q u i t e  l a rge .  The reg ions  o f  angles ,  f o r  which A R '  > 0.60 and which should be  
excluded when t h e  Lambertian conversion system i s  used,  are given i n  Table 3 .  
The values  o f  t h e  corresponding s o l i d  angles  i n  f r a c t i o n s  of t he  hemispherical  
angle  2~r  given t h e r e  a l s o ,  show t h a t  t h e  Lambertian system y i e l d s  c o r r e c t  
values  of  flows i n  more than 90% o f  the  cases .  

_ -  __ 

0-15 0,064 0-15 0,034 
15-40 0,050 
30-90 0,12 /I i: 
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TABLE 4. PERMISSIBLE DEVIATIONS FROM THE ISOTROPIC REFLECTION FOR THE SNOW 
SURFACE 

f 0  I A 
ART 

io 
e = 0-600 e = 750 I .____-___ 

0,037 

40 0,035 - 0,041 

0,029 

Tr. Note: Commas ind ica t e  decimal po in t s .  

-.-___ 

60 

80 

I n  t h i s  way, a l s o  t h e  anisotropy o f  the  r e f l e c t i o n  i s , c o n s i d e r a b l y  h ighe r  
f o r  t he  sea than f o r  t h e  snow, the  abso lu te  dev ia t ions  o f  t h e  OSR f i e l d  from 
the  corresponding va lues  wi th  i s o t r o p i c  r e f l e c t i o n  on t h e  average are consider- 
ably h ighe r  i n  t h e  case o f  snow, and although i t  looks s t r a n g e  a t  f irst  g lance ,  
t he  Lambertian system o f  conversion from b r i g h t n e s s  t o  the  flows may b e  ap- 
p l i e d  with much g r e a t e r  s u b s t a n t i a t i o n  t o  the  sea than  t o  the  snow. This  i s  
explained,  as w e  had a l ready  mentioned, by t h e  i n c r e a s e  of t he  s e n s i t i v i t y  of 
the  outgoing r a d i a t i o n  f i e l d  t o  r e f l e c t i o n  an iso t ropy  upon the  inc rease  of t he  
albedo. 

- -- 

AR' -_ A 
e = o - w  . e=750  

0,68 0,055 0,071 

0,76 0,22 0,26 

-- - .  - 

94. T h e  Role of t h e  Clouds, Conclus ion 

In  connection wi th  the  above the  c o r r e c t  e s t ima t ion  o f  t h e  r e f l e c t i o n  
from clouds should be  extremely important .  Unfortunately the  sys t ema t i c  d a t a  
on b r igh tness  i n d i c a t r i c e s  of t he  clouds are absent .  These i n d i c a t r i c e s  de- 
pend-on both the  face s t r u c t u r e  of the  cloud (we know t h a t  t h e  clouds with an 
"icy" summit have a s t r o n g  mi r ro r  e f f e c t ) ,  and a l s o  i n  t h e  form o f  t h e i r  s u r -  
f ace .  S t r a t i f o r m  clouds usua l ly  have a s l i g h t l y  undula t ing  almost f l a t  s u r -  
f a c e ,  whereas f o r  t he  cumuliform clouds the  presence o f  i nd iv idua l  p i l l a r s ,  
r idges  > and breaks  > i s  c h a r a c t e r i s t i c .  Therefore  the  cumulus clouds i n d i c a t -  
r i x e s  may b e  very g r e a t l y  (because of  t he  shading,  e t c . )  d i f f e r  from t h e  theo-  
re t ica l  c a l c u l a t i o n s ,  u sua l ly  c a r r i e d  o u t  f o r  f l a t  l a y e r s .  

L e t  us r e t u r n  t o  the  s t r a t i f o r m  clouds and estimate t h e  minimum e r r o r  i n  
t h e  flow, which w i l l  b e  caused by t h e  r e f l e c t i o n  an i s t ropy .  

From formula (22) w e  have 

For eva lua t ion  o f  A R '  l e t  us tu rn  t o  t h e  c a l c u l a t i o n  by Ye. M .  Feygel 'son 
( [ 6 ]  Chapter 6 ) .  In  h e r  des igna t ions ,  va lue  R '  w i l l  b e  
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L e t  us n o t e ,  t h a t  the d a t a  i n  Table 6 ,  11 i n  [6] are 100% too h igh .  This 
has no s i g n i f i c a n c e  f o r  c a l c u l a t i o n  o f  R '  according t o  (26) ,  bu t  w e  should 
take it ' i n t o  account i n  comparing wi th  o t h e r  c a l c u l a t i o n s  , 
with formulas (25) and (26) y i e l d e d  t h e  fol lowing va lues  o f  e r r o r  AF i n  cal /  

/cm2*min., f o r  t h e  cases  s e l e c t e d  by us; 

The ca l cu la t ions  /149 -- 

AF = 0.074 wi th  8 = 0 and AF = 0.027 wi th  0 = 45" , I$ = 0 ( i  = 30") , 
AF = 0.03  with 8 = 0 and AF = 0.001 wi th  8 = 4S0, I$ = 0 ( i  = SO"). 

The f irst  value o f  A F  i s  g r e a t e r  than t h e  pe rmis s ib l e  e r r o r  o f  0 .04,  t h e  
o t h e r s  l i e  w i th in  t h e  r equ i r ed  l i m i t s . .  

I n  t he  l i g h t  of t h e  obta ined  r e s u l t s  w e  should r e v i s e  the  problem on t h e  
determinat ion of  t h e  OSR f i e l d  over  the clouds,  which was ca l cu la t ed  i n  the  
assumptiom of  t h e  i s o t r o p i c  r e f l e c t i o n .  Actua l ly ,  inasmuch as the  albedo o f  
clouds reaches g r e a t  values , t he  permiss ib le  devia t ions  from the  Lambertian 
na tu re  w i l l  b e  approximately the  same as f o r  the  su r face  of t h e  snow a l s o  
( see  Table 4 ) ,  and a l s o  t h e r e  i s  no b a s i s  f o r  a t t r i b u t i n g  the  "snow" r e f l e c -  
t i o n  c o e f f i c i e n t  t o  the  clouds (5) , neve r the l e s s ,  we may expect t h a t  t he  reg-  
ions o f  i n a p p l i c a b i l i t y  of  t h e  Lambertian system i n  the  case o f  clouds w i l l  b e  
no t i ced ,  s i n c e  it w i l l  no t  be  p o s s i b l e  t o  d i s r ega rd  them, e s p e c i a l l y  i f  we 
s h a l l  r e q u i r e  an accuracy g r e a t e r  than 0 . 0 4  cal/cm2-min. Therefore ,  f i r s t  o f  
a l l  it. i s  necessary t o  determine experimental ly  the r e f l e c t i o n  i n d i c a t r i x  
(both i n t e g r a l  and s p e c t r a l )  i n  r e l a t i o n  t o  the  albedo and the  type o f  c loudi -  
ness  , and the  t h i c k e r  t h e  clouds the  more p r e c i s e  should b e  t h e  measurements. 
The accumulation of  s u f f i c i e n t  ma te r i a l  w i l l  enable  us a f t e r  i t s  s t a t i s t i c a l  
processing , t o  ob ta in  the  s t anda rd  r e f l e c t i o n  i n d i c a t r i x  i n  t h e  clouds and 
cons t ruc t  the  corresponding system o f  the  t r a n s f e r  from b r igh tness  t o  t h e  flow 
assur ing  the minimum e r r o r .  S i m i l a r l y ,  having a v a i l a b l e  t o  us the  experiment- 
a l  d a t a  on the  r e f l e c t i o n  i n d i c a t r i x e s  and the  albedo o f  t h e  r e a l  underlying 
s u r f a c e s ,  we can p l o t  a non-Lambertian system f o r  t he  e n t i r e  t e r r e s t r i a l  
globe,  which would enable  us t o  determine the  OSR flows wi th  g r e a t e r  accuracy 
t h d  i t  i s  given by the  Lambertian model. 
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DETERMINATION OF WIND V E L O C I T Y  AND WAVES ON THE SEA BY MEASURING THE 
SOLAR G L I T T E R  PARAMETERS FROM S A T E L L I T E S  

K. S .  S h i f r i n  and V.  Y u .  Kolomiytsev 

ABSTRACT. It is shown t h a t  i t  is  poss ib l e  t o  obta in  not 
more than three  grada t ions  of w i n d  v e l o c i t y  above the oceanic  
su r face  i n  the 0 t o  15 m/sec. range. The  measurement of 
w i n d  d i r e c t i o n  and a l s o  v e l o c i t i e s  g r e a t e r  than 15 m/sec. 
is impossible by t h i s  method. It i s  necessary t o  have on 
t h e  s a t e l l i t e  a sys t em,  making i t  poss ib l e  t o  measure t h e  
r a d i a t i o n ,  coming from t h e  given point  i n  two (or  s e v e r a l )  
prescribed d i r e c t i o n s .  It is required t o  develop a r e l i a b l e  
method, w i t h  w h i c h  i t  is  poss ib l e  t o  sepa ra t e  t h e  cases  o f  
c loudless  atmosphere i n  t h e  measurements of the s o l a r  
g l i t t e r  from a s a t e l l i t e .  A i r c r a f t  measurements should b e  
made of t h e  s o l a r  g l i t t e r  a t  var ious w i n d  v e l o c i t i e s  and 
s u n  e l e v a t i o n s .  

5 1 .  Introduct ion 

To determine the  wind v e l o c i t y  i n  the  water l e v e l  l a y e r  G .  V .  Rosenberg /150 
and Yu. R .  Mullamaa [lJ proposed, as we have a l ready  noted i n  work [ 2 ] ,  t o  u se  
two parameters :  t h e  displacement of t he  maximum o f  b r igh tness  o f  t he  s o l a r  
g l i t t e r  towards the  hor izon ,  which grows r ap id ly  with the  inc rease  of t h e  wind 
v e l o c i t y  v and t h e  l a t e r a l  b r igh tness  g rad ien t  dI/d$. The dependence o f  these  
parameters from the wind d i r e c t i o n  i s  very small, and cannot s e rve  f o r  d e t e r -  
mining t h e  l a t t e r .  The values  o f  angle  8 given i n  [ 2 ] ,  corresponding t o  

the  maximum of  b r igh tness  of t he  g l i t t e r ,  i n d i c a t e s  t h a t  t he  p o s i t i o n  o f  the  
maximum may be  recorded only with small i ,  inasmuch as upon the  inc rease  of 
the  zeni th  d i s t ance  o f  t he  sun, t he  g l i t t e r  r ap id ly  approaches the  horizon and 
even goes beyond the  hor izon .  The same circumstance makes it impossible  t o  
draw any kind o f  information on the  water  l e v e l  l a y e r  according t o  t h e  measure- 
ments o f  t he  outgoing r a d i a t i o n  wi th  a low sun,  e s p e c i a l l y  i f  w e  t ake  i n t o  
account t h e  screening  e f f e c t  o f  t he  atmosphere. Therefore ,  i t  is  reasonable  
t o  examine the  r e f l e c t i o n  of t h e  sea only with i 60'. As f o r  t h e  l a t e r a l  
b r igh tness  g r a d i e n t ,  w e  know t h a t  t h i s  determinat ion i s  connected with t h e  
necess i ty  o f  abso lu t e  measurements, which renders  t h e  problem much more compli- 
cated:  t he  measurement of t h e  logar i thmic  gradien t  d log  I /d$  however, i s  n o t  
advisable  because o f  i t s  small s e n s i t i v i t y  t o  wind v e l o c i t y  [l]. 

max 

I n  the  p re sen t  a r t i c l e  w e  s h a l l  examine t h e  s o l a r  g l i t t e r ,  t ak ing  i n t o  
account t he  d i f f u s i o n  i n  the  atmosphere and f i n d ,  how the  outgoing r a d i a t i o n  
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f i e l d  changes above t h e  sea on t h e  upper boundary o f  t h e  atmosphere upon the  
change o f  t h e  wind ve loc i ty- .  
o f  determining t h e  wind v e l o c i t y  and t h e  waves on t h e  sea according t o  t h e  
measurements o f  t h e  s o l a r  g l i t t e r  parameters from t h e  sa te l l i t es .  

This w i l l  enable  us t o  eva lua te  t h e  p o s s i b i l i t y  

52. S e n s i t i v i t y  of t h e  O S R  Brightness F i e l d  to Wind and Waves on t h e  Sea 

The d i f f u s i o n  o f  r a d i a t i o n  i n  the  atmosphere has  a p a r a s i t i c  i n f l u e n c e ,  
In  o rde r  t o  decrease t h i s  effect  i t  i s  necessary  t o  ca r ry  ou t  t he  measurements 
wi th  g r e a t e r  wavelengths.  Therefore  we have performed c a l c u l a t i o n s  f o r  t he  
fol lowing t h r e e  s e c t o r s  o f  the spectrum: 

A = 0.76 1-1 (0.74-0.79 LI , t ransparency window), 

X = 1.31 1-1 (1.25-1.38 p, the  water  vapor absorp t ion  band) ,  and 

X = 1 .68  1-1 (1.67-1.70 1-1, t ransparency window). 

The f u r t h e r  advance i n t o  the  IR-region i s  ha rd ly  s e n s i b l e ,  inasmuch as 
the  s e n s i t i v i t y  t o  the  r e f l e c t i n g  p r o p e r t i e s  o f  the water s u r f a c e  w i l l  no t  
i n c r e a s e ,  and the  amount of  energy, coming t o  the  r e c e i v e r ,  w i l l  r ap id ly  d i -  
minish.  
atmosphere w e  have 

For the i n t e n s i t y  of t he  r a d i a t i o n  on t h e  upper boundary o f  the  

i s  t h e  r e f l e c t e d  d i r e c t  r a d i a t i o n ,  I i s  the  r e f l e c t e d  r a d i a t i o n  I ov S 
where : 

o f  t h e  sky ,  ID  i s  t h e  b r igh tness  o f  t he  haze .  

the  c a l c u l a t i o n  o f  which with a known r e f l e c t i o n  c o e f f i c i e n t  R ( e ,  i ,  (I) i s  
n o t  d i f f i c u l t .  Let us w r i t e  formula (1) hore b r i e f l y  

Let us s t r e s s ,  t h a t  on the  wind v e l o c i t y  depends only the  f irst  component, 

V 

The outgoing r a d i a t i o n  f i e l d  component independent o f  v w a s  c a l cu la t ed  

The ca l cu la t ed  values  Iv  i n  
i n  work [6] according t o  the  system developed by us [3] ,  and the  c o e f f i c i e n t s  
o f  r e f l e c t i o n  were taken from works [4, 5 ,  61. 

M cal/cm2 m i n - s t e r .  ( i n t e g r a l  i n  t h e  above-mentioned s p e c t r a l  i n t e n s i t y  
ranges) f o r  i = 0 ,  20, 60" and v = 2 ,  5 ,  10 ,  15 m/sec. ,  a r e  given i n  Table 1. 

/151 

We can s e e ,  t h a t  t h e  b r igh tness  f i e l d s  change apprec iab ly  upon conversion 
from one wind v e l o c i t y  t o  another ,  e s p e c i a l l y  wi th  small v,  

maximum i n  the  region o f  angles ,  d i r e c t l y  ad jacent  t o  the  d i r e c t i o n  of  t h e  
mir ror  ray ( 0  = i ,  4 = 0 ) .  Therefore ,  t he  measurement of t he  absolu te  value 
o f  the  i n t e n s i t y  f o r  t h i s  d i r e c t i o n  may se rve  f o r  determining t h e  ve loc i ty .  

dI /dv being 
V 
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Upon t h e  inc rease  o f  t h e  wavelengths the  drop between t h e  maximum and t h e  
minimum values  of the r a d i a t i o n  f i e l d  [Ima/!min] 

o f  t he  spectrum o u t s i d e  o f  t h e  absorpt ion bands.  

i nc reases  i n  t h e  s e c t o r s  

I n  Table 2 w e  g ive  the r a t i o  between the  f u l l  i n t e n s i t y  o f  r a d i a t i o n  t o  
i ts  p a r t  independent on v ( I  / I  ) ,  from which immediately fol lows t h e  decrease 

o f  t h e  con t r ibu t ion  o f  the d i f f u s e d  r a d i a t i o n  t o  t h e  b r i g h t n e s s  o f  t h e  g l i t t e r  
wi th  t h e  growth o f  t h e  wavelength and t h e  b l u r r i n g  of  t he  g l i t t e r  (decrease 
i n  the  maximum wi th  inc rease  along t h e  edges) upon t h e  inc rease  o f  t he  wind 
v e l o c i t y .  
t o  the wind v e l o c i t y  wi th  l a r g e  v. 

V P  

The l a t t e r  i n d i c a t e s  t h e  small s e n s i t i v i t y  of  the r a d i a t i a n  f i e l d  

L e t  us examine the la te ra l  b r igh tness  grad ien t  of  t he  g l i t t e r  on t h e  
upper boundary o f  the  atmosphere. 
fou r  i ( 0 ,  20,  44 and 600) ,  f o u r  v ( 2 ,  5 ,  15 m/sec.) and t h r e e  A (0.76; 
1.31; 1 .68  p) with  0 i and $ = 0.  

I n  Table 3 w e  g ive  the  values  o f  dI/d$ f o r  

The f irst  th ing  t h a t  s t r i k e s  the  eye is  t h e  sharp  decrease of the  grad- 
i e n t  wi th  the  inc rease  of  the v e l o c i t y  (as i t  i s  without  the  allowance f o r  
t h e  atmosphere [ l ] ) ,  which once more ind ica t e s  the small e f f ec t iveness  of  the  
o p t i c a l  method o f  determinat ion of v e l o c i t y  when i t s  values  a r e  g r e a t .  More- 
over ,  t he  smaller wavelengths a r e  more advantageous f o r  measurement [dI/d$ i s  
maximum wi th  X = 0.76 p) . 
i s  dete-rmined by t h e  d i f f e r e n c e  o f  absolu te  values  o f  t he  i n t e n s i t i e s  o f  t h e  
r e f l e c t e d  d i r e c t  r a d i a t i o n  ( s ince  t h e  b r igh tness  of  the  haxe changes much 
s lower than the  b r i g h t n e s s  of the g l i t t e r ) ,  whi le  upon the  decrease of  X t h i s  
d i f f e rence  grows through the  inc rease  o f  the  s o l a r  cons tan t  f a s t e r  than  it 
decreases  through the d i f f u s i o n  i n  t h e  atmosphere. The va lue  o f  t h e  b r i g h t -  
ness  g rad ien t  f o r  a l l  t h e  shortwave region (0.4-4 p )  exceed by more than one 
o r d e r  the corresponding values  f o r  X = 0.76 p ( A X  = 0.05 p) . Thus, f o r  dI/d$ 
the  mi l l ica lor ies /cm2 min*s ter*degree .wi th  i = 20" and i = 60" we have: 
(See Table 4) .  

This is explained by t h e  f ac t ,  t h a t  t he  g rad ien t  

In  t h i s  way, i n  o rde r  t o  determine v according t o  t h e  l a t e r a l  g rad ien t  
of  t he  s o l a r  g l i t t e r  we can use the  i n t e g r a l  measurements i n  t h e  e n t i r e  s h o r t -  
wave region of t he  spectrum. However, i n  o rde r  t o  f i n d  t h e  v e l o c i t y  with the  
accuracy o f  about 3 m/sec., i t  i s  necessary t o  ca r ry  ou t  measurements o f  t h e  
absolu te  values  of t h e  i n t e n s i t i e s  wi th  a r e l a t i v e  e r r o r  o f  about 4% i n  t h e  
band between 10 and 250 " i l l i ca lo r i e s / cm2  minester .  
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Y 

0,419 
0,051 

0,043 
0,051 

0,171 0,151 

TABLE 1 .  
BOUNDARY OF THE ATMOSPHERE W I T H  DIFFERENT WIND V E L O C I T I E S  

THE SPECTRAL F I E L D  dF THE OUTGOING R A D I A T I O N  OVER THE SEA ON THE UPPER 

M l L L l C A L O R l E S  

cm m i n e s t e r  
2 

i = O o  

0,175 
0,152 
0,759 
0,286 
0,152 
0,479 
0,317 
0,153 
0,379 
0,303 
0,158 

1,44 
i = 200 

0,558 
0,151 

0,432 
0,155 

1,45 
9,02 
1,06 
2,08 
4,82 
1,19 
1.89 

2 i 4  60 

5 i o  
23 
60 

1,03 
0,076 
0,052 
0,508 
0,168 
0,052 
0,296 
0.193 

0,213 

0,151 
0,305 
0,646 
0,165 
0,277 
0,393 
0,214 
0,334 
0,307 
0,250 

1,21 

0,079 
1,71 
1,41 
0,079 
0,933 
1,80 
0,081 
0,585 
1,78 
0,085 
0,501 
1,68 

0,125 
0,150 

0,152 
0,150 

0,110 
0,974 
0,052 
0,182 
0,494 
0,068 
0,160 
0,285 
0,122 
0,205 
0.206 

9,64 
1,20 
1,lO 

2,Ol 
1,lO 

4,98 

4,15 
1,06 

3,22 
1 , lO  

2,41 
1,24 

2,oo 
1,40 

0,881 
1,08 

1,08 
1,08 

1,21 
1,08 

1,27 
1,11 

10 

15 

2 

5 

10 

15 

0 ' 3,07 
23 ' 2,23 

0 2,39 
23 ~ 2,13 
60 ~ 1,15 

60 1,11 
0,220 I 0,085 
0,073 0,051 2:98 

n'n5.1 I 1.62 -'-.-- I ' 

0,219 ! 2,29 
0,181 1 2,29 
A n e 0  , 1 n C  

0,269 
0,188 

0,219 
0,762 

0,221 
0 I 762 

0,227 
0,762 

0,234 
0,764 

0,177 0,174 
0,153 I 01162 , 0,093 

0,087 
0,054 

i =60" 
0,637 
17,7 
14,3 
0,697 

19,5 
9,35 

0,659 
5,91 

0,692 
4,68 

19,3 

18,O 

0,030 
2,27 
1,35 
0,030 
1,11 
2,32 
0,032 
0,631 
2,28 

0 
60 
78 

0 
60 
78 

0 
60 
78 
0 
60 
78 

1,60 
6,86 

1,62 
6,86 

1,69 
6,86 

1,76 
6,88 

0,076 
0,400 

0,049 
0,150 

0,982 
2,25 

0,982 
2,25 

0,982 
2,25 

0,982 
2,25 

0,129 
0,262 

0,129 
0,262 

0,129 
0,262 

0,123 
0,262 

0,079 0,049 
0,400 0,150 

0,089 0,049 
0,401 0,150 

0,037 ' 
0,460 0,098 0r049 
2,04 0,404 

T r .  N o t e :  Commas i n d i c a t e  deci.ma1 p o i n t s ,  



TABLE 2 .  CONTRIBUT.ION OF THE DIFFUSED RADIATION I N  THE F I E L D  OF THE OUTGOING 
RADIATION ON THE UPPER BOUNDARY OF THE ATMOSPHERE 

0,76 

1,31 

1,68 

0 
23 
60 

0 
23 
60 

0 
23 
60 

10,6 
1,35 

8,94 
1,32 

1 ,oo 

1 ,oo 
19,4 
1,8G 
1 ,oo 

2,27 ' 
3.85 
1,53 

2,25 
3,87 
1,42 

3,97 
8,53 
2,37 

i=oo 
2,75 
2,95 
1,84 

2,72 
2,98 
1,66 

5,08 
6,16 
3,15 

5,48 
2,26 
1 

4,71 
2,15 
1 ,oo 
9,58 

1 ,oo 
4,09 

1,03 
2,92 
1,89 

1,03 
2,30 
1,60 

1,09 
6,95 
3,94 

3,38 
2,50 

2,98 
2,38 

1,Ol 

1,Ol  

5,58 
4,70 
1.02 

1,09 
2,32 
1,79 

1,08 
1,97 
1,51 

1,23 
5,07 
3,52 

2,63 
2,39 
1,04 

2,35 
2,28 
1,04 

4,13 
4,41 
1.13 

0,76 

1,31 

1,68 

1,74 

1 ,oo 
11,6 

1,73 
12,7 
1 ,oo 
2,72 
29,2 

1 , O l  

0 
60 
78 

0 
60 
78 

0 
60 
78 

2,50 
6,22 
1,12 

2,48 
6,27 

4,51 

1.31 

1,09 

14,s 

1,oo 
6,73 
1,27 

1,oo 
25,O 
2,33 

1,oo 
3,67 
1,62 

1,oo 
12,2 
4,Ol 

1,oo 
1,oo 
1,oo 
1,oo 
1,oo 
1,oo 

1,74 
5,30 
1 ,oo 
1,73 

1 ,oo 
5,31 

2,72 
12,4 
1 ,oo 

1 ,oo 
1 ,oo 
1 ,oo 

1,oo 
1,oo 1,oo 
1,oo l,oo 
1,oo 

i = 20' 

1.00 

2,50 
4,11 
1,04 

2,48 
4,11 
1,03 

4,51 
9,23 
1 , l O  

1 ,oo 
1,Ol 
1 ,oo 

1.01 
1;oo 

1 ,oo 
1 ,0o 
1 ,oo 

1;oo 
1 ,oo 
1,03 
1 ,oo 

2,26 
3,07 
1,17 

2,25 
3,08 
1,13 

3,97 
6,50 
1.43 

1,03 
1 ,@ 
1 ,oo 
1,03 
1 ,o-l 
1 ,oo 
1,09 
1,16 
1 ,oo 

2,75 
2,55 
1,32 

2,72 
2,5G 

5,08 
5,14 
1,83 

1,24 

1,09 
1 , lO  
1 ,oo 
1,08 
1,07 
1 ,oo 
1,23 
1,29 
1 , O l  

1,74 
1,06 

1,73 
1,05 

2,72 
1,14 

1 ,oo 

1 ,oo 

1 ,oo 

1;oo 

1,28 
1 ,oo 
2,48 

4,51 
1,74 
1 ,oo 

2,25 
1,46 
1 ,oo 
3,97 
2,23 
1,Ol 

1,03 
1 ,oo 
1 ,oo 

1 ,oo 
1 ,oo 
1,09 
1 ,oo 
1 ,oo 

1,03 

2,75 
1,52 
1,03 

2,72 
1,49 
1,02 

5,O8 
3,31 
1 ,OG 

1,09 
1 ,oo 
1 ,m 
1,08 
1 ,oo 
1,oo 

1,23 
1 ,oo 
1 ,oo 

~~~ ~ 

F 

4 
OJ T r .  N o t e :  Commas indicate decimal points. 



TABLE 3. THE LATERAL GRADIENT OF THE SOLAR GLITTER ON THE UPPER 
BOUNDARY OF THE ATMOSPHERE. 

2 m i l  1 icalor ies /cm min*s te r . -deg .  

v m/sec 
_ _  - -  htL 

I yo .! 15 
m/sec 

2 I _  _". I 
0,76 0,26 0,11 0,05 0,02 

;lgi 1 :::: I :::; 1 :::: I :$2 

0,76 0,16 0,086 0,54 0,26 

1731 1,68 I 0,018 0,009 0,026 1 :::?: I 0,034 1 0,020 1 0,010 1 

0,16 0,053 0,019 
0,022 0,007 0,002 
0,018 1 0,006 1 0,002 

i =60° 
0,14 

0,018 
0,019 

. .  

15 

0,010 
0,001 
0,001 

0,097 
0,009 
0,012 

T r .  note:  Commas i n d i c a t e  decimal po ln t s .  

TABLE 4.  Let us r e t u r n  t o  t h e  ex- 
amination o f  r e l a t i v e  values  

wind v e l o c i t y .  Let f ( v )  rep-  
2 1 5 1 1 0  I 1 5  r e s e n t  t he  r a t i o  between t h e  

b r i g h t n e s s  of t h e  g l i t t e r  i n  
t h e  d i r e c t i o n  of  t h e  mi r ro r  ray 
( 9  i ,  4 = 0) t o  t h e  i n t e n s i t y  
of t he  radiation under the 
same zen i th  angle  i n  t h e  p lane  

- and t h e i r  r e l a t i o n s h i p  with the  
u m/sec 

Tr.  Note: Commas i nd ica t e  decimal po in t s .  

perpendicular  t o  the  s o l a r  v e r t i c a l ,  i .  e . ,  

Here, again w e  f i n d  r ap id  decrease o f  func t ion  f ( v )  wi th  small v e l o c i t i e s  /155 
and a slow decrease wi th  l a r g e  v e l o c i t i e s  through the  b l u r r i n g  o f  t h e  g l i t t e r  
(Table 5 ) .  

Function f ( v )  reaches the  maximum values  when X = 1 .68  p through deep 
minima, caused by a small con t r ibu t ion  of  the haze (Table 2 ) .  P re sc r ib ing  the 

, same e r r o r  Av = 3 m/sec. w e  f i n d  t h a t  the r e l a t i v e  values  o f  t he  i n t e n s i t i e s  
should be  measured wi th  an e r r o r  o f  about 6-7% f o r  X = 0.76 1-1 i n  t h e  s i g n a l  
range of  0.5-20 mi l l i ca lo r i e s / cm2  m i n - s t e r .  
be  c a r r i e d  out  wi th  a somewhat lower accuracy (about l o % ) ,  b u t  wi th  considerably 
smaller vaIues o f  energy 0.03-2 mi l l ica lor ies /cm2 min - s t e r .  

Measurements wi th  X = 1.68 ~-r may 

I n  genera l  upon t h e  expansion of t he  s p e c t r a l  ranges and upon the  con- 
vers ion  t o  sma l l e r  wavelengths,  func t ion  f (v) w i l l  decrease and accordingly t h e  
requi red  accuracy o f  the measurements w i l l  i n c r e a s e ,  b u t  t he  values  of t h e  
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s i g n a l s  w i l l  grow and the  r a t i o  between the  maximum i n t e n s i t y  and t h e  minimum 
w i l l  decrease.  Thus, the  measurements f o r  t h e  e n t i r e  shortwave region (0.4-4p)  
w i l l  r equ i r e  the  accuracy o f  5% i n  the  energy range o f  10-250 mcal/cm2min2ster. 
i nd ica t ed ,  t he  drop o f  t h e  i n t e n s i t i e s  however, w i l l  decrease from 70 t o  40 
( f o r  X = 1.68 p and X = 0.76  p r e spec t ive ly )  t o  25. 

T A B L E  5. R E L A T I V E  VALUE OF THE MAXIMUM OF THE SOLAR G L I T T E R  
ON THE UPPER BOUNDARY OF THE ATMOSPHERE W I T H  D I F F E R E N T  WIND 
V E L O C I T I E S  

A I J  
. .  

0,76 
1,31 
1,68 

10 5,1 2,8 1,9 

24 I 12 I 5,2 1 2,8 1 1  5 , 7  3 , 3  2 ,2  

i = 60° I i = 20° 

T r .  Note: Commas ind ica t e  decimal po in t s .  

I t  i s  c l e a r ,  t h a t  the  s e l e c t i o n  o f  t h e  optimum s p e c t r a l  range depends on 
the s p e c i f i c  c h a r a c t e r i s t i c s  o f  the  equipment. 

From the  d a t a  examined, w e  can s e e ,  t h a t  i t  i s  p r a c t i c a l l y  impossible  t o  
measure the  wind v e l o c i t y  according t o  the  l a t e r a l  g r a d i e n t  o f  t he  g l i t t e r  
d I /d+,  s i n c e  t h i s  r equ i r e s  bo th  absolu te  measurements, and a high accuracy of 
t hese  measurements. 

A s  a r e a l  method we can consider  t he  determinat ion of  t h e  r e l a t i v e  v a r i a -  
t i o n  o f  t he  b r igh tness  i n  t h e  g l i t t e r  ( the  measurement o f  func t ion  f ( v ) ) .  

S 3 .  The D i f f i c u l t i e s  a n d  Prospects  of t h e  Method 

On the  b a s i s  of  t he  c a l c u l a t i o n s  performed we can say even today t h a t  by 
the  " s o l a r  g l i t t e r "  method i t  would be hard ly  p o s s i b l e  t o  ob ta in  more than 
t h r e e  grada t ions  o f  v e l o c i t y  i n  the  0-15 m/sec range, and i t  w i l l  no t  be  pos- 
s i b l e  aL a l l  t o  determine the  d i r e c t i o n  of t he  wind. The main shortcoming is  /156 
connected however, w i th  the f a c t  t h a t  t h i s  method does no t  permit  us t o  car ry  
out  t he  measurements i n  t h e  region of  g r e a t e r  v e l o c i t i e s ,  p r e c i s e l y  when t h e  
d a t a  on the  wind and waves a r e  needed the  most. 

The measurement of  l a r g e  wind v e l o c i t i e s  by the  s o l a r  g l i t t e r  method is 
impossible  inasmuch as even wi th  v = 10 m/sec. i t  is g r e a t l y  b l u r r e d  and l i t t l e  
s e n s i t i v e  t o  v .  Na tu ra l ly ,  w e  can hope t h a t  t h e  albedo o f  the sea w i l l  change 
owing t o  t h e  appearance of foam, however, t he  dependence of  the albedo on the 
v e l o c i t y  with very l a r g e  v ' s  may be  determined only experimental ly .  But even 
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i n  t h e  v e l o c i t y  range examined by us i t  i s  necessary  t o  car ry  ou t  a d d i t i o n a l  
i n v e s t i g a t i o n s  on determining t h e  non-ambiguity o f  t he  r e l a t i o n s h i p  between 
t h e  c h a r a c t e r i s t i c s  of t h e  waves and the  wind v e l o c i t y ,  and a l s o  t o  f i n d  t h e  
r e l a t i o n s h i p  between t h e  spectrum of  t h e  waves and Kocks and Munks func t ion  o f  
d i s t r i b u t i o n  of  p lanes  along the  i n c l i n e s .  

The l a t t e r  w i l l  make i t  p o s s i b l e  f o r  us t o  determine t h e  c h a r a c t e r i s t i c s  
o f  t he  waves according ' to  t he  measurements of the  s o l a r  g l i t t e r .  Moreover, i t  
i s  important t o  determine how much t h e  Kochs and Munk's func t ion  i s  t y p i c a l  f o r  
t h e  e n t i r e  world ocean. And the  most important  f a c t o r  i s  t h a t  t o  o b t a i n  t h e  
f i n a l  deductions and r e l i a b l e  q u a n t i t a t i v e  r e l a t i o n s h i p s  it i s  necessary t o  
c a r r y  ou t  measurements o f  t he  s o l a r  g l i t t e r  from a i r p l a n e s  above the  oceanic  
s u r f a c e  during var ious  wind v e l o c i t i e s  and h e i g h t s  o f  t he  sun .  

In  conclusion w e  s h a l l  no te  two d i f f i c u l t i e s  o f  t he  use o f  t h i s  method on 
s a t e l l i t e s ,  which i n  ou r  opinion are o f  a p r i n c i p i a l  n a t u r e .  

1. To determine t h e  wind v e l o c i t i e s  i n  a given p o i n t ,  i t  i s  necessary t o  
measure t h e  r a d i a t i o n  i s s u i n g  from i t  a t  var ious  angles .  Thus, i n  o r d e r  t o  
ob ta in  the  value of  func t ion  f ( v )  we should measure the  b r igh tnesses  i n  two 
d i r e c t i o n s ,  l oca t ed  on t h e  conica l  s u r f a c e  8 = i and sepa ra t ed  by 90° over t h e  
azimuth, and whether i n  measurements from an a i r p l a n e  f o r  t h e  success ive  pro-  
duct ion of  t hese  s i g n a l s  i t  i s  s u f f i c i e n t  merely t o  t u r n  the v e r t i c a l  p l ane ,  
pass ing  through the  axis  o f  t h e  instrument  by go",  t h i s  t u r n  on a s a t e l l i t e  
would s e p a r a t e  the p o i n t s  c i t e d  by a s u b s t a n t i a l  d i s t a n c e .  For example, when 
t h e  s a t e l l i t e  i s  a t  a h e i g h t  of  h = 500 km above t h e  s u r f a c e  of t he  e a r t h ,  t h i s  
d i s t ance  w i l l  amount t o  about 1,000 km f o r  8 = i = 60". Therefore ,  t h e  s i g n a l  

r,(e=i, cp=o) 
1, (e=i, cp=900) 

r a t i o  -__ ~~ ~~ i n  genera l  i s  n o t  a t  a l l  equal  t o  func t ion  f ( v ) ,  un- 

ambiguously connected wi th  the wind v e l o c i t y ,  and we cannot say anything e i t h e r  
about t he  f i r s t  ($I = 0 ) ,  o r  o f  the  second p o i n t  ($I = 90") and cannot even t a l k  
about a c e r t a i n  mean v e l o c i t y  over  a l a r g e  t e r r i t o r y ,  inasmuch as both s i g n a l s  
a r e  q u i t e  independent and car ry  no information on the  regions be ing  s i g h t e d  
( t h e  measurements are made simply o f  t he  r a t i o  between the  i n t e n s i t i e s  a t  d i f -  
f e r e n t  angles  i n  d i f f e r e n t  p o i n t s ) .  Hence, i t  fol lows t h a t  i t  i s  necessary t o  
have a d e f i n i t e  t r a c k i n g  system from a s a t e l l i t e  f o r  a given region,  which 
assures  i t s  be ing  viewed a t  p re sc r ibed  angles .  

2.  The complete o r  p a r t i a l  f i l l i n g  o f  t he  f i e l d  o f  v i s i o n  o f  t he  i n s t r u -  
ment with clouds makes i t  impossible  t o  use t h i s  method. Therefore ,  i n  measur- 
i n g  the  s o l a r  g l i t t e r ,  w e  should b e  conf ident  t h a t  the  s i g n a l  ob ta ined  p e r t a i n s  
t o  a c loudless  atmosphere and consequently,  i t  i s  necessary  t o  develop a method 
which would enable  us t o  d i sca rd  cases with cloudiness  during the  rou t ine  pro-  
cessing of information.  Moreover, i t  is necessary  t o  f i n d  a r e l a t i o n s h i p  be- 
tween the  wind v e l o c i t y  and the  p r o b a b i l i t y  o f  i n c l u s i o n  o f  c loudiness  i n  t h e  
ins t rument ' s  f i e l d  o f  v i s i o n  f o r  var ious values  of  t h e  l a t t e r .  
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These d a t a  w i l l  determine t h e  p o s s i b i l i t i e s  o f  t h e  method and a l s o  t h e  
optimum value o f  the  f i e l d  of  v i s i o n .  
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ON THE PROBLEM OF AVERAGING I N  MEASURING HYDROMETEOROLOGICAL F I E L D S  

N. N. Verenchikov 

ABSTRACT. I n  t h e  a r t i c l e  the au thor  examines c e r t a i n  prob- 
lems connected w i t h  t h e  averaging i n  the measurement o f  
hydrometeorological f i e l d s .  He derives an equat ion.  f o r  d e -  
termini’ng the root-mean-square e r r o r  w i t h  w h i c h  the value 
o f  t h e  hydrometeorological element averaged w i t h i n  the 
l i m i t s  o f  a c e r t a i n  range, may b e  assumed equal t o  the t r u e  
element a t  t h e  moment o f  time sought .  Using the example o f  
the temperature f i e l d  of the su r face  i n  the  Gulf Stream re- 
gion i t  is shown how the r e p r e s e n t a t i v i t y  o f  the averaged 
measurements changes w i t h  t h e  change i n  the averaging range,’ 
U s i n g  t h i s  work, i t  i s  poss ib l e  t o  c a l c u l a t e  t h e  v a r i a b i l i t y  
of the averaged values  of the hydrometeorological element, 
i . e . ,  such c h a r a c t e r i s t i c s  f o r  example a s  t h e  radius  of 
t h e  r ep resen ta t ive  measurements, t h e  e r r o r  i n  the i n t e r -  
po la t ion  o f  the element according t o  i t s  d i scre te  averaged 
measurements, the required d i s t ance  b e t w e e n  the poin ts  of 
measurement w i t h  a prescr ibed maximum e r r o r  o f  t h e  measure- 
m e n t  r e s u l t  i n t e r p o l a t i o n ,  e t c .  

The v a r i a b i l i t y  o f  many hydrometeorological elements i s  extremely g r e a t ,  /158 
and because o f  t h i s  t h e  p r a c t i c a l  a p p l i c a b i l i t y  o f  t he  r e s u l t s  o f  i nd iv idua l  
measurements i s  s u b s t a n t i a l l y  l imi t ed .  In  p a r t i c u l a r ,  t h e  temperature of  t he  
water  su r face ,  f o r  example i n  t h e  Gulf Stream region ,  i s  so  v a r i a b l e ,  t h a t  a t  
t he  d i s t ances  o f  more than 3 km and a f t e r  a time pe r iod  of  more than 1 . 5  h r s .  
the measurements a l ready  l o s e  t h e i r  value , i . e .  , the  mean va lue  of  t he  tempera- 
t u r e  cha rac t e r i zes  i t  more p r e c i s e l y  than t h e  above-mentioned measurement. The 
s i t u a t i o n  i s  a l i t t l e  b e t t e r  b u t  i s  i n  general  q u i t e  s imilar  wi th  the  represent-  
a t i v i t y  o f  t h e  d i s c r e t e  measurements , between which i n t e r p o l a t i o n  o f  t h e  values  
o f  t he  hydrometeorological element i s  p o s s i b l e .  Thus, t he  i n t e r p o l a t i o n  of  
temperature o f  t h e  water  su r face  i n  the  Gulf Stream region f o r  the  same reason 
i s  s e n s i b l e  only i n  case t h e  d i s t ance  between the  measurement po in t s  does not  
exceed 7 km and the  time pe r iod  4 hours .  

The above-mentioned r e p r e s e n t a t i v i t y  o f  t h e  r e s u l t s  o f  measurements f o r  
an e n t i r e  s e r i e s  o f  problems i s  q u i t e  i n s u f f i c i e n t .  
t h e  equat ion a r i s e s  whether i t  i s  poss ib l e  t o  cha rac t e r i ze  t h e  t r u e  f i e l d s  of  
t he  hydrometeorological element i n  p a r t i c u l a r  the  water  s u r f a c e  temperature 
f i e l d ,  with some o t h e r  f i e l d ,  which would t ransmi t  the  p r i n c i p a l  f e a t u r e s  of  
t h e  temperature f i e l d  b u t  would have a considerably l e s s e r  v a r i a b i l i t y  i n  t i m e  
and space.  
f i e l d  , obta ined  as t h e  r e s u l t  o f  measurements performed with the  averaging with-  
i n  the  bounds of  a c e r t a i n  i n t e r v a l  8 .  

I n  connection with t h i s  

Evident ly ,  such a f i e l d  may be the hydrometeorological element 
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The averaging wi th in  t h e  bounds o f  the  p re sc r ibed  range may b e  c a r r i e d  
ou t  t e c h n i c a l l y  by var ious  ways and p r imar i ly  by us ing  an i n t e g r a t i n g  device.  
In  rad iometr ic  equipment o f  t he  i n f r a r e d  and cent imeter  range the  averaging of 
t h e  e a r t h ' s  s u r f a c e  temperature during measurements occurs  through the  f i n i t e  
dimensions o f  t he  in s t rumen t ' s  r e s o l u t i o n  element'. 

I t  i s  necessary  t o  no te ,  t h a t  i n  any equipment because o f  i ts  i n e r t i a ,  
t h e  measurement r e s u l t s  are always smoothed ou t  t o  a c e r t a i n  e x t e n t .  As i t  has 
been shown i n  work [l] this smoothing ou t  with the  corresponding e r r o r  may be 
equated wi th  averaging.  

The i d e a  t h a t  t h e  d a t a  on t h e  averaged value o f  a meteorological  element 
f o r  a number o f  problems are more convenient than the  t r u e  va lues ,  was expres- 
sed  i n  many works [ 2 ,  3 ,  41. I n  works [3,  41 on the  b a s i s  o f  a s e r i e s  o f  ex- 
per imental  observa t ions  t h e  optimum averaging range was determined f o r  meas- 
urement o f  c e r t a i n  meteorological  elements.  In  [2]  t h e  au thor  examined the  

This  work makes i t  p o s s i b l e  t o  determine the  optimum averaging range o f  any 
hydrometeorological element,  i f  w e  know i t s  s t r u c t u r a l  func t ion .  We should 
no te ,  t h a t  t h i s  i s  important  t o  know not  only the  optimum averaging range b u t  
a l s o  the  e f f e c t  y i e lded  by the  averaging,  i . e . ,  how t h e  v a r i a b i l i t y  decreases  
and the r e p r e s e n t a t i v i t y  of  t he  r e s u l t s  o f  measurements c a r r i e d  out  with v a r i -  
ous averaging ranges inc reases  p ropor t iona l ly .  None o f  t he  above mentioned 
works makes i t  p o s s i b l e  t o  o b t a i n  t h i s  va lue .  The v a r i a b i l i t y  o f  ' the  hydro- 
meteorological  element i s  cha rac t e r i zed  by i t s  s t r u c t u r a l  func t ion .  Therefore ,  
having e s t a b l i s h e d  t h e  r e l a t i o n s h i p  of the.  s t r u c t u r a l  func t ion  o f  t he  values of 
the  hydrometeorological elements averaged wi th in  the  l i m i t s  of  c e r t a i n  range 
e with i t s  s t r u c t u r a l  func t ion ,  w e  s h a l l  s o l v e  our  problem i n  the general  form. 

optimum p r o p e r t i e s  o f  averages o f  meteorological  f i e l d s  i n  time and space.  /159 

Let us assume, that  beginning with a c e r t a i n  i n i t i a l  moment t = 0 the  
hydrometeorological parameter  i s  averaged f o r  a pe r iod  of  time ( i n t e r v a l )  e .  
Later, a t  any moment of  time t ( t h e  phys ica l  sense of  t may b e  anything: t ime, 
d i s t ance  r ,  v e r t i c a l  coord ina te ,  e t c . )  t he  va lue  of  t h e  hydrometeorological 
parameter i s  assumed equal t o  t h i s  mean va lue .  Following [ 2 ] ,  we s h a l l  f i n d  
the  root-mean-square e r r o r  of  t h i s  assumption: 

Let u s  t ransform t h e  express ion  (1) under the  i n t e g r a l ,  us ing  the  ident.- 
i t y :  
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where A ,  B ,  C ,  D are p o i n t s  i n  a fourth-dimensional space x, y ,  z, t .  Then we 
ob ta in :  

where B(t)  i s  the  s t r u c t u r a l  func t ion ,  depending on coordinate  t .  

I f  

then 

Having opened the  indeterminancy, w e  can f i n d  that wi.th e = 0 /160 

(6) q2 (e, t )  = 2 3  ( I  - e-at) = B ( t ) .  

With t = e 

$2 (0, t )  = $2 (0) 202 ( 7) 

Here $ 2 ( 8 )  determines the square of  t he  root-mean-square dev ia t ion  of the  
hydrometeorological element from i ts  main value wi th in  the  l i m i t s  o f  t he  i n t e r -  
va l  e o r  t he  d i spe r s ion  o f  the  hydrometeorological element i n  t h i s  i n t e r v a l .  

I t  is  no t  hard  t o  s e e ,  t h a t  with e -f m 

In  Figure 1 we p r e s e n t  t h e  r e s u l t  o f  the  c a l c u l a t i o n  o f  $ 2 ( r ,  6) (equi-  
v a l e n t  t o  $ 2 ( t ,  e) with var ious  I: and 8 and a = 0 .1  km-l 
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F i g u r e  1 .  
Square of t h e  Root-Mean-Square Deviation of the T r u e  Value of 
t h e  Hydrometeorological E l e m e n t  i n  Po in t  r from i t s  Value, 
Averaged W i t h i n  t h e  Bounds of the 0 In t e rva l .  

The Standardized ( D i v i d e d  by t h e  Double Dispersion) 

cr=o,l KM--~ ,  e=I K M ,  2) a=41 KM-1, e=o; 3) a-0.1 KM-1, e=5 KM; 4 )  a-0.1 KM-I, 
8-10 KM. 

Now we s h a l l  assume t h a t  a t  p o i n t  t we a r e  i n t e r e s t e d  n o t  i n  the  t r u e  
value of the  hydrometeorological parameter , b u t  i n  the  va lue  , averaged wi th in  
the  bounds o f  the same i n t e r v a l  e ( t o  moment t corresponds the  beginning o f  t h e  
averaging i n t e r v a l ) .  Equating t h i s  va lue  t o  t he  averaged va lue  r e f e r r e d  t o  t h e  
i n i t i a l  t i m e  moment , we assume the  root-mean-square e r r o r ,  equal t o  

Proceeding from the  determinat ion o f  t h e  s t r u c t u r a l  func t ion  [ S I ,  i t  i s  

I t  may be represented  as 
not  hard t o  s e e ,  t h a t  B ( t ,  0 )  i s  noth ing  o t h e r  than t h e  s t r u c t u r a l  func t ion ,  
dependant on coordinate  t and averaging i n t e r v a l  e .  
t h e  s t r u c t u r a l  func t ion  , ca lcu la t ed  according t o  continuous measurements , per -  
formed by the  ins t rument ,  having an i n t e g r a t i n g  device with an averaging i n t e r -  
va l  equal  t o  e .  O r ,  t h i s  i s  such a s t r u c t u r a l  func t ion ,  which may be calculated 
upon determining the  non-averaged values  of t he  hydrometeorological element,  i f  /161 
t h i s  i s  averaged w i t h  a c e r t a i n  s l i d i n g  s t e p  e .  

By analogy with ( 1 ) - ( 3 )  w e  p re sen t  expression (9) i n  the  form o f  

e o  
=-JdrJ 1 ( B  [ ( t + z )  - r I ]  - B(7 - T~)) ds l .  

e 2 "  0 
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If t h e  s t r u c t u r a l  func t ion  o f  t he  hydrometeorological element has  t h e  
appearance of 

then express ion  (10) i s  reduced t o  the  form o f :  

I f  the  s t r u c t u r a l  func t ion  has t h e  appearance of  

where k ( t )  i s  t h e  s tandard ized  c o r r e l a t i o n  func t ion ,  dependant on coordinate  t ,  
then 

I f  t h e  s t r u c t u r a l  func t ion  has t h e  appearance of 

~ ( t ) = 2 5 ' [ 1  - , t ( t ) l = 2 3  2 [I - e - u " l c o s ~ ~ t ~ ] ,  
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In  Figure 2 we g ive  t h e  r e s u l t  o f  c a l c u l a t i o n  of B( r ,  e )  of  the  form (14) 
wi th  var ious r ,  a and e .  From the  diagram, we can s e e  t h a t  func t ion  B(r ,  e )  
approaches the  non-averaged func t ions  the more the sma l l e r  i s  t h e  averaging 
i n t e r v a l ,  and wi th  the  p re sc r ibed  averaging i n t e r v a l ,  the  smaller i s  the  coef- 
f i c i e n t  a. 

When r o r  t -f m t he  s t r u c t u r a l  func t ion  B(r ,  e )  o r  B(t, e ) ,  having t h e  
form of  (14) ,  i s  equal t o  

Here D i s  the d i spe r s ion  o f  t he  values  of  the hydrometeorological element e 
averaged wi th in  t h e  bounds of  the  i n t e r v a l  8 .  
wi th  the  inc rease  of  the  averaging range the  d ispers ion  of t he  averaged values /163 
D decreases .  With e + m i t  tends towards zero.  

From Figure 2 we can s e e  t h a t  

e 
In  Figure 3 we p resen t  the  s tandard ized  s t r u c t u r e  o f  func t ions  o f  t he  

values of  the hydrometeorological element o f  type (14) averaged wi th in  the  
l i m i t s  o f  the  i n t e r v a l ,  ca l cu la t ed  according t o  the  r e l a t i o n s h i p :  

t o  

x cos? (T, - T) d r ,  - j d c l  ~ , e - " + ~ - " ) c o s ~ ( t ~ - : - T r , ) d - ; - -  
0 0  
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when t>O, (191 

F i g u r e  2. 
S tandard ized (D iv ided  by t h e  Double D ispe rs ion )  S t r u c t u r a l  
B ( r ,  0)  of the  Values of the Hydrometeoro log ica l  Elements Averaged 

The Standard ized C o r r e l a t i o n  Func t ion  k ( r )  and the  Semi- 
Func t i on  

W i t h i n  the L i m i t s  o f  the I n t e r v a l  e. ~ . . .  I )  a-0.5' K M J ,  8-1 KM' 2) a = ~  KM-I, 8-1 K M ;  3) a=i1.1 K M - I ,  B = o ;  4 )  a=0.1 K M - 1 ,  
e = l  K M ;  5 )  a=~.i KM-I: e=1o KM; 6) a=0.5 K M - ~ ,  e=io KM; 7) a=l KM-I, e=io KM' 

8 )  a=O.I KM-I ;  9) a=0.5 K M - I ;  10) a=l K M - I .  

6 

F i g u r e  3.  
o l o g i c a l  Element Values Averaged W i t h i n  the  Bounds of I n t e r v a l  0 .  

The Standard ized S t r u c t u r a l  Func t i on  of the  Hydrometeor- 
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A s  w e  can see from t h i s  Figure 3: t h e  s tandard ized  s t r u c t u r a l  func t ion  
o f  the  averaged values  of  t h e  hydrometeorological element upon the  inc rease  of  
t he  averaging range s h i f t s  towards t h e  g r e a t e r  values  o f  r. 

Apparently,  t he  d i s t ance  between the  po in t s  of  measurements wi th  a pre-  
s c r ibed  accuracy o f  i n t e r p o l a t i o n  o f  the hydrometeorological elements wi th in  
the  i n t e r v a l  between t h e  p o i n t s ,  and a l s o  t h e  r e p r e s e n t a t i v i t y  r ad ius  f o r  v a r i -  
ous measurements w i l l  be  the  g r e a t e r ,  t h e  more i s  the  s t r u c t u r a l  func t ion  s h i f t -  
ed towards the region o f  g r e a t e r  r o r  t and the  l e s s  is the d i spe r s ion  o f  t h e  
elements.  Consequently, upon the  inc rease  of the  averaging range the  represent- 
a t i v i t y  of  t h e  measurement r e s u l t s  increases  both through the  s h i f t  o f  t h e  
s tandard ized  s t r u c t u r a l  func t ions  towards g r e a t e r  r and a l s o  through the  de- 
crease o f  d i spe r s ion  D e .  

The i l l u s i o n  i s  c rea t ed  t h a t  wi th  t h e  inc rease  o f  t he  averaging range e 
n o t  only does the  r e p r e s e n t a t i v i t y  o f  the measurement r e s u l t s  i nc rease ,  b u t  s o  
does the  accuracy of  information on the  elements f i e l d .  In  r e a l i t y ,  only the  
accuracy of  the  concept o f  the  averaged f i e l d  inc reases .  From Figures  1 and 2 
we can s e e  t h a t  w i th  inc rease  of  e d i spe r s ion  D decreases ,  b u t  t h e r e  i s  an 

inc rease  of t he  d i spe r s ion  o f  t h e  hydrometeorological elements i n  the 0 i n t e r -  
V a l ,  i . e . ,  $:. The t o t a l  remains p r a c t i c a l l y  const an t .  Thus , upon averaging 

of the  hydrometeorological element the  accuracy with which w e  know i t s  t r u e  
value a t  any po in t  o f  the  f i e l d ,  does not  change, and only the  r e p r e s e n t a t i v i t y  /164 
o f  the  averaged values  measured i n c r e a s e s .  

e 

A s  an example, l e t  us examine the  temperature f i e l d  of the  water  s u r f a c e  
i n  the  Gulf Stream region .  

The s t r u c t u r a l  func t ion  of  the water  su r face  temperature i n  t h e  Gulf 
Stream region (May 1963, A = 60" , + = 40") may be approximated wi th  the  expres- 
s i o n  (see Figure 4) 

~ ( r ) - = 2 / ( ( 0 ) - - 2 K ( r ) - 2 ~ ~ [ 1  - k ( r ) ] =  

= 1.1 (1  - cos 0.225r), 

where K ( r )  and k ( r )  a r e  t h e  c o r r e l a t i o n  func t ion  and t h e  s tandard ized  co r re l a -  
t i o n  func t ion ,  dependent on coord ina te  r ( in  k i lome te r s ) .  

then  the  value ATmax I f  w e  p re sc r ibed  the  maximum permiss ib le  e r r o r  a = 

o f  the  temperature ,  measured a t  a c e r t a i n  p o i n t ,  i n  accordance wi th  the  re la-  
ti onship 
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may be extended t o  the  d i s t ance  R 

with ATmax = 1 " C ,  1,300 m wi th  ATmax = B.S°C and 2,600 m wi th  ATmax = 2°C. The 

R d i s t ance  may b e  determined as the  rad ius  o f  t h e  measurement r ep resen ta t iv i ty .  

equal  t o  250 m wi th  ATmax = O.S"C, 600 m 
P' 

P 

Figure 4 .  Standardized Three-dimensional Cor re l a t ion  Function 
k ( r )  and t h e  Semi-standardized ( D i v i d e d  by t h e  Double Dispersion)  
S t ruc tu ra l  Function B(r ,  0 )  of t h e  Water Surface Temperature 
Averaged W i  t h i n  t h e  Bounds of t h e  e Range, i n  t h e  Region o f  t h e  
Gulf Stream. 

~ ( X ) = P U . ~ ~ C ,  D-O,531 deg2 a:O.i2S d e g .  
= 43?5r e=o. ?) O = I  K M , ~ )  e=; KM, 4 )  ~ = I O  K h i .  5 )  k ( r ) - e  cos 0.41s rm i 1 i p )  k ( r )  -- 

I = p  - 0*175~cos q,?L'ir Rw. 

I f  the measurements a r e  performed a t  e q u i d i s t a n t  i n t e r v a l s  R ,  and the  /165 
temperature value T( r )  i n  the  i n t e r v a l s  between the  measurements are i n t e r p o l -  
a t e d  by means o f  r e l a t i o n s h i p  [6]  

where 

T (r )  = aT (0) + bT (R) ,  
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Then the  mean square  of  t h e  e r r o r  i n  the  middle o f  the  i n t e r v a l  w i l l  be  equal  
t o  

o r  tak ing  i n t o  account t h e  known r e l a t i o n s h i p  

Then t h e  maximum e r r o r  o f  t h e  i n t e r p o l a t e d  values  o f  the temperature w i l l  
be  

From expressions (20) ,  (23) ,  (25) and (26)  it  i s  no t  hard  t o  .f ind,  t h a t  
i n  o rde r  t h a t  t he  e r r o r s  of t he  i n t e r p o l a t e d  temperature values  would exceed 
0 .5 ;  1; 1 . 5  and 2' t he  d i s t ance  between t h e  measurement p o i n t s  R should n o t  ex- 
ceed 700, 2,100, 5,000 and 9,500 m ,  r e spec t ive ly .  

In  a c t u a l  p r a c t i c e  the  same d i s t ance  is  determined, i f  w e  use t h e  con- 
vent iona l ,  l i n e a r  i n t e r p o l a t i o n  f r equen t ly  used i n  synop t i c  p r a c t i c a l  work 

The e r r o r  o f  such i n t e r p o l a t i o n  i n  t h e  middle o f  t he  i n t e r v a l  i s  d e t e r -  
mined by the  r e l a t i o n s h i p  

o r  tak ing  i n t o  account (24) 

I f  the measurements are performed wi th  a c e r t a i n  averaging i n t e r v a l  8 ,  
then by analogy wi th  (21) and ( 2 6 )  
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Here 

0 , s  
1 ,0  

2,0 
1 , 5  

With l i n e a r  i n t e r p o l a t i o n  o f  the  (22)  type and 

0,25 0 , 3  0 ,4  1 ,5  0,7 0 ,9  1,2 5,5 
O,6 0,75 1,0 3,5 2 , l  3 , l  4 ,3  11,0 

2,6 2,9 3,9 9,2 9 ,5  11,0 11,0 - 
1 , 3  1,6 2 ,3  5,7 5,0 6 ,5  8,6 - 

&$ax= B (R/2, 0)  - 0.2% (R ,  0 )  

according t o  the  l i n e a r  i n t e r p o l a t i o n  o f  the  (27) type. 

The concrete  values  o f  R and R wi th  d i f f e r e n t  maximum e r r o r s  o f  e x t r a -  
P 

po la t ion  and i n t e r p o l a t i o n  of  r e s u l t s  o f  measurement of t h e  water  s u r f a c e  temp- 
e r a t u r e s  i n  the  Gulf Stream region ,  performed with a d i f f e r e n t  averaging i n t e r -  
v a l  8 ,  a r e  given i n  Table 1. 

TABLE 1 

___ - I  

0 Khl  e K \ I  
~- 

0 I I I $ ' - I  IO ro J 1 I - 6  I IO 

T r .  Note: Commas i nd ica t e  decimal m i n t s .  

From t h i s  t a b l e  w e  can s e e ,  t h a t  the g r e a t e r  i s  t h e  averaging range wi th  
which the  measurements are performed, t he  g r e a t e r  is the d i s t ance  and t h e  long- 
e r  is  t h e  time pe r iod  t o  which t h e  measurement r e s u l t s  could be extended and 
consequently t h e  g r e a t e r  i s  the range ( s p a t i a l  and time) t h a t  could b e  s e l e c t e d  
between the  measurements. This r e s u l t s  no t  on ly  i n  a reduct ion  of the  number 
of measurements, i n  surveying the  temperature f i e l d ,  b u t  a l s o  t o  t he  inc rease  
of the  pe r iod  f o r  uh ich  the  map, p l o t t e d  according t o  t h e  measurement r e s u l t s ,  
i s  app l i cab le .  

/166 

In  conclusion,  we should no te  t h a t  t h e  p r e s e n t  work supplements works 12, 
3 ,  41. 
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IJsing the above-mentioned works w e  can determine t h e  optimum averaging 
range of the hydrometeorological element measured, and by means of  t h e  p r e s e n t  
work w e  can c a l c u l a t e  t he  v a r i a b i l i t y  of t h e  average values  of t h e  hydrometeor- 
o l o g i c a l  element,  f o r  example, such c h a r a c t e r i s t i c s  as the r ad ius  o f  t h e  rep-  
r e s e n t a t i v e  measurements, t h e  e r r o r  i n  i n t e r p o l a t i o n  of t he  element according 
t o  i t s  d i s c r e t e  average measurements , t h e  requi red  d i s t a n c e  between t h e  meas- 
urement p o i n t s  with t h e  p r e s c r i b e d  maximum measurement r e s u l t  i n t e r p o l a t i o n  
e r r o r ,  e t c .  
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CERTAIN REGULARITIES IN THE VERTICAL DISTRIBUTION OF THE 
ASCENDING LONGWAVE RADIATION 

Ye. P .  Barashkova 

ABSTRACT. T h e  a n a l y s i s  of the resu l t  o f  ac t inomet r i c  
sounding b r i n g s  us t o  t h e  conclusion t h a t  the v e r t i c a l  
d i s t r i b u t i o n  of t h e  flow of ascending longwave r ad ia t ion  
d e p e n d s  mainly on the d i s t r i b u t i o n  o f  the temperature .  
the c a l c u l a t i o n s  have shown t h e  moisture content  w has a 
s u b s t a n t i a l  e f f e c t  on the value of t h e  ascending longwave 
r ad ia t ion  flow uz only upon t h e  change w i t h i n  t h e  l i m i t s  

of 0 G w 

t h e  atmosphere. 
longwave r ad ia t ion  u 
temperature T 

of t h e  s o i l  and a i r  T - T i n  the form of a formula. 

As 

z 

G 0.5  grams/cm*, i . e . ,  i n  t h e  ground layer  of 

may be expressed through t h e  s o i l  

z 
I n  t h e  general  case  t h e  flow of ascending 

and t h e  d i f f e rence  b e t w e e n  t h e  temperatures 
z 

0 

o z  

Information on the  p r i n c i p a l  r e g u l a r i t i e s  of  t he  v e r t i c a l  d i s t r i b u t i o n  of 
longwave r a d i a t i o n  is  necessary no t  only t o  o b t a i n  a concept o f  t he  th ree -  
dimensional s t r u c t u r e  o f  t h e  r a d i a t i o n  f i e l d ,  bu t  a l s o  f o r  so lv ing  such problem 
as i n t e r p r e t a t i o n  o f  r a d i a t i o n  measurements from s a t e l l i t e s  and eva lua t ion  of 
t he  con t r ibu t ion  o f  t h e  r a d i a n t  h e a t  i n f l u x  t o  t h e  t o t a l  energy o f  t he  atmos- 
phere .  

/167 

The ac t inomet r i c  radiosondes c rea ted  during the  l a s t  decade enable us t o  
car ry  out  a sys temat ic  i n v e s t j  gat ion o f  the v e r t i c a l  d i s t r i b u t i o n  o f  longwavc 
r a d i a t i o n  a i  n igh t  up t o  c o ~ ~ . ; i d c i ~ a h l c  ; i l t i i - u d c s .  On t h e  t e r r i t o r y  o f  t he  Sovie t  
Union f o r  thc i'i rst Lime tlie reg, ; ; : :  a \  ;! i1omc.tri.c soundings was organized by 
the Cent ra l  Acrulogical  Observatory i n  1963, i n  the fol lowing e igh t  po in t s  : 
Vladivostok, 'I'ashkent, Sverdlovsk, Dolgoprudnyy, Rostov on the  Done, Kiev, 
Yinsk, Murmansk. In  t h e  sounding the  ac t inomet r i c  probe designed by G .  N. 
Kostyanoy was used. 

G .  N .  Kostyanoy's ac t inometr ic  radiosonde [l] c o n s i s t s  o f  a RKZ-1A rad io-  
sonde w i t h  an e l e c t r i c  switch and radiometer  which i s  the  sensor  o f  t h e  flows 
arid balance of  longwave r a d i a t i o n .  The r ece iv ing  su r faces  o f  the  radiometer 
made of  aluminum f o i l  a r e  blackened with a mixture of  carbon b lack ,  s h e l l a c ,  
and BF-2 .  The r ece iv ing  su r faces  a r e  p ro tec t ed  from the ac t ion  of  the  ex te rna l  
medium by polyethylene f i l t e r s ,  which have a convex shape because of t h e  excess 
p re s su re  i n s i d e  the  ins t rument .  
rece iv ing  su r faces  i s  t r ansmi t t ed  t o  the  e a r t h .  The connection between the  

The information on t h e  temperature of  the  
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temperature of  the r ece iv ing  su r face  T .and the  r a d i a t i o n  flow inc iden t  on i t  B 
Q i s  e s t a b l i s h e d  by the  method of  ca l cu la t ion  on the  b a s i s  o f  t h e  equation of  
thermal balance of the  r ece iv ing  s u r f a c e .  In  t h i s  caqe iiirormation values  of  
the c o e f f i c i e n t s  of  absorp t ion ,  h e a t  conduct iv i ty ,  spec i  ELc h e a t ,  and o t h e r s ,  
included i n  the thermal ba lance  zquat ion,  were borrowed TJ  b.)in l i t e r a t u r e  sources  
and t h e i r  mean values  were used i n  t h e  c a l c u l a t i o n s .  However, s i n c e  the  para-  
meters of  t he  radiometers used may not  coincide wi th  these  mean c h a r a c t e r i s t i c s ,  
the  values o f  the f l ~ i x e s  obta ined  as the  r e s u l t  o f  t hese  ca l cu la t ions  w i l l  d i f -  
f e r  from t h e i r  t r u e  magnitude. 

A c e r t a i n  i d e a  on t h e  p o s s i b l e  limits of  devia t ions  of the  values  ob ta in -  
ed from the  ac tua l  values  a r e  given by the  fol lowing eva lua t ions .  L e t  us as -  
sume, t h a t  a l l  the c o e f f i c i e n t s  of t he  thermal balancc Iyua t ion  assume t h e i r  
minimum values .  In  t h i s  case the  devia t ion  o f  t h e  .iscending flow from t h a t  
c a l c u l a t e d  with mean valiics o f  c o e f f i c i e n t s  with 1 rllpvrature t = 40°C reaches /E 
0.08  cal/cm2min., which amounts t o  about 14% o f  ilie s i z e  of  the flow. With 
maximum values o f  the  coe f f iL ien t s  a t  t h e  s:!me temperatures t = 40°C t h i s  dev- 
i a t i o n  reaches 0 . 0 4  cal/cm2min.,  and the  r e l a t i v e  co r rec t ion  amounts t o  7 % .  
With t h e  temperature t = -60°C the  devia t ion  from the  minimum values  of  t h e  
c o e f f i c i e n t s  amounts t o  0 . 0 4  cal/cm2min., 
the r e l a t i v e  devia t ions  i n  t h i s  c a s e  amount to  20 and 13%, r e s p e c t i v e l y .  

2 w i t h  t h e  maximum -0.026 cal/cm min . , 

~ ~ m u l t a i i e o u s l y  with the temperature of the  rece iv ing  s u r f a c e s  o f  t he  
r:tdionieter L I I ;  ac t inometr ic  radiosonde t ransmi ts  information on p res su re ,  temp- 
e ra i -ure ,  and moisture  of t h e  a i r .  Therefore ,  t he  r e s u l t s  o f  ac t inometr ic  sound- 
i n g  mrikc it  poss ib l e  not  only t o  form a d e f i n i t e  conclusion on the  cha rac t e r  of 
the  v e r t i c a l  d i s t r i b u t i o n  of longwave flows, bu t  a l s o  t o  analyze t h e i r  re la t ion-  
s h i p  with the  temperature and moisture o f  the a i r .  

I n  the p re sen t  work we s h a l l  limit ourse lves  t o  the  examination of sound- 
ing  r e s u l t s ,  ob ta ined  under a c loudless  sky.  

The ascending flow of  thermal r ad ia t ion  u a t  l e v e l  z ,  i n  t he  assumption 
t h a t  the  underlying su r face  r a d i a t e s  as a b lack  body, can be w r i t t e n  i n  t h e  
f o l  lowing form: 

Here B 

underlying sur face  T o ,  

t i o n  o f  the black body a t  the a i r  temperature T, a t  thc  l e v e l  5 ;  w ,  = 

= 0 T 4  i s  the r ad ia t ion  o f  the b 1 ; i c . k  llody a t  t he  temperature of ilic 0 0 
P i s  the t ransmission f iuict ion,  B = aT4 5 

i s  t h e  r;idia- 

= f p ( Z ) f ( g ) d 5  is  the  e f f e c t i v e  absorbing mass i n  which ~ ( 5 )  is  the  dens i ty  
0 

- __- 
of  the  absorbing substance f ( ~ =  l?E--, is  t h e  co r rec t ion  f o r  p re s su re ,  . . -  
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I L  =-7 J p  ( 5 )  f (E)  dt, i s  t h e  i n t e g r a t i o n  v a r i a b l e .  
i) 

The f i r s t  component i n  'formula (1) determines t h e  p a r t  o f  t h e  underlying 
s u r f a c e s  on r a d i a t i o n ,  reaching t h e  l e v e l  examined, t he  second component char- 
a c t e r i z e s  t h e  r a d i a t i o n  o f  t h e  l a y e r  o f  t h e  atmosphere l o c a t e d  between t h e  
t e r r e s t r i a l  s u r f a c e  and the  l eve l  examined. 

Proceeding from formula (1) , t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  ascending 

The absolu te  value uz t o  a g r e a t  e x t e n t  

longwave c u r r e n t  u w i l l  be  determined by t h e  d i s t r i b u t i o n  o f  temperature T 

and t h e  e f f e c t i v e  absorbing mass w . 
w i l l  be  determined by t h e  temperature o f  t h e  underlying s u r f a c e  T 

Z Z 

Z 

0 '  

According t o  t h e  d a t a  o f  t h e  ac t inometr ic  sounding t h e  r e l a t i o n s h i p  be-  
tween t h e  ascending cur ren t  and t h e  longwave r a d i a t i o n  u with  t h e  temperature 

o f  t he  underlying s u r f a c e  T i s  t r a c e d  through the  e n t i r e  e x t e n t  o f  t h e  t ropo-  

sphe re ,  and a t  a l l  t h e  a l t i t u d e s  we observe a l i n e a r  c o r r e l a t i o n  o f  u and oT4 
Z 0 '  

Although t h e  c o r r e l a t i o n  c o e f f i c i e n t  r between u 

wi t11 a l t i t u d e ,  wi th in  t h e  bounds of  the  t roposphere i t  remains everywhere g r e a t -  
e r  tnarl 0 . 8 .  I n  Tabie 1 we give the  values of t h e  c o r r e l a t i o n  c o e f f i c i e n t  
0 ' 1 ' ~  a:id u a t  var icus  ie \ re l s  o f  z .  i n  the  c a l c u i a t i o n  o f  t h e s c  c o r r e l a t i o n  co- 

' 2 E i i  c i e n t s  w e  use data for a l l  t h e  e i g h t  p o i n t s .  

Z 

0 

and oTh decreases  somewhat 
Z 

9 Z 

I n  o r d e r  t o  determine t h e  
RELATIONSHIP B C T W E E N  u N l T H  CT; degree o f  r e l a t i o n s h i p  between 

the  ascending c u r r e n t  o f  long- 

-- /169 
z 

so. O! 

C:,lsL s 

1 !L '  

115 

115 

11: 

111 

107 

1 OF) 

Tr. Note: Coniinas 

r 

0, '!,?.S 

G , S i 3  

0,930 

0,910 

0 ,  S9G 

0 ,  s90 

0.S.iG 

- 

wave r a d i a t i o n  and t h e  a i r  temp- _ _  

er3.tur.c t arid t h e  e f f e c t i v e  

contc:?t  of' t h r  w;:.ter vapc'r i n  tht: 
Litiiuspl1e!rLc l ~ i y : > r  b:- i.<'c calcu-  

1 a t e d  t h e  corresponding c o r r e l  a- 
t i o n  re la t ions i i i?s  [ ? ] ,  prcscntcd 
i n  Table 2 .  Along with u we 

introduced i n t o  t h e  examination 
a l s o  t h e  value of  r e l a t i o n s h i p  
uz/ oT: . 
r e l a t i o n s h i p s  a r e  noted between 
u and w t h e  h i g h e s t  between 

Z 

- 

Z 

The lowest c o r r e l a t i m  

Z Z '  

u and t7 ;  u /oT;?, a n d  At. A s  

t h e  i l l u s t r a t i o n  in Figures 1 ant1 
2 w e  p r e s e n t  graphical. ly t h e  

ind ica t e  decimal points. z b z  

corresponding r e l a t i o n s h i p s  according t o  the  ac t inomctr ic  s o m d i n g  d a t a .  
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TABLE 2. 

RELATIONSHIPS OF uZ/aT: 

VAPOR CONTENT wz, AND THE TEMPERATURE DIFFERENCE BETWEEN THE SOIL AND THE A I R  

A t  = to - 

CORRELATION RELATIONSHIPS OF THE ASCENDING LONGWAVE CURRENT uz AND 

WITH THE A I R  TEMPERATURE tZ, THE EFFECTIVE WATER 

t Z *  

&rinansk . . . 
Minsk . . . . 
Sverdlovslc . . 
Kiev , . . . . 
Vladivostok 
Tashkent . . . 

- . . . . . . . - - . 
0,538 
0,643 
0,452 
0,444 
0,486 
0,372 

0,847 
0,927 
0,916 
0,936 
0,915 
0,9G1 

Elements Correlated 

0,675 
0,577 
0,558 
0,661 
0,547 
0,872 

. 

; ='= u: - 
d; 

- ._ 

0,525 
0,589 
0,673 
0,710 
0,610 
0,892 

% . 
' t z  

- __ 
0.; 

0,755 
0,836 
0,804 
0,849 
0,734 
0,918 

0,913 
0,976 
0,987 
0,972 
0,801 
0.982 

F i g u r e  1 .  Dependence o f  t h e  Cur ren t  o f  Ascending Longwave R a d i a t i o n  u on t h e  

Temperature (a) and Water Vapor Content ( b ) .  1 ,  4 November; 2, 2 October; 
3, 12 August. 

Z 
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From Figure 1 i t  fol lows t h a t  t h e  cu r ren t  o f  t h e  ascending longwave rad-  

i a t i o n  a t  l e v e l  z i s  an inc reas ing  @uncti@n of temperature  tZ.  

q u a n t i t a t i v e  r e l a t i o n s h i p s  between u 

month, so t h a t  var ious  values  o f  u correspond t o  t h e  same values  o f  t during 

d i f f e r e n t  months. One of the causes o f  t h e s e  v a r i a t i o n s  o f  u with t = const 

may be the d i f f e r e n c e  i n  the  temperature t o f  t he  underlying s u r f a c e .  

However, t h e  

and t vary s u b s t a n t i a l l y  from month t o  
Z z 

2 z 

z 
0 

The p e c u l i a r  v a r i a t i o n s  o f  LI w i th  t h e  v a r i a t i o n s  o f  w z ,  p resented  i n  /170 
Z 

Figure l b  are explained by the  f a c t  t h a t  t h e  decrease o f  t h e  temperature has 
a more s u b s t a n t i a l  i n f luence  on va lue  u than do the  v a r i a t i o n s  o f  w which 

a t  a l t i t u d e s  of  more than 2 - 3  km are very i n s i g n i f i c a n t .  Because of  t h i s ,  the  
q u a n t i t a t i v e  r e l a t i o n s h i p s  between u 

1.ation. :o t and tZ. 

. z  Z >  

and w a l s o  vary s u b s t a n t i a l l y  i n  r e -  
Z z 

0 

In  Figure 2 we p resen t  t h e  r e l a t i o n s h i p  of t he  r a t i o  u /oT4 and the  d i f -  
2 0  

ference between t h e  s o i l  and a i r  temperature A t  and wi th  the  e f f e c t i v e  moistme 
content  a t  constant  A t  v a lues .  

From t h e  diagrani we can s e e  t h a t  t he  v a r i a t i o n  o f  t he  d i f f e r e n c e  A t  has 
a s u b s t a n t i a l  i n f luence  on t h e  value of r a t i o  u /aT” whereas the  v a r i a t i o n  

o f  w z  has p r a c t i c a l l y  no e f f e c t  on i t s  va lue .  
z 0 ’  

The main dependence o f  uZ/oT: 011 the  A t ,  por t rayed  i n  Figure 2a,  may be  

represented  by the  exponent ia l  func t ion  

The analogous r e l a t i o n s h i p  between t h e  r a t i o  u /oT4 and A t  i s  observe12 -- /’17L z o  
i n  o t h e r  p o i n t s  as w e l l ,  and the value of c o e f f i c i e n t  a changing i n s i g n i f i c a n -  
l y  from p o i n t  t o  p o i n t .  In  Table 3 we give  t h e  mean dependences o f  u /aT4 on 2 0  
A t ,  ob ta ined  011 the  b a s i s  of observa t ions  a t  d i f f e r e n t  p o i n t s ,  and the  values  
o f  c o e f f i c i e n t  a corresponding t o  them. From formula (2) i t  fol lows t h a t  t h e  
v e r t i c a l  d i s t r i b u t i o n  o f  t h e  ascending longwave r a d i a t i o n  i s  mainly determined 
by the  behavior  of t he  d i f f e rence  between the s o i l  and a i r  temperatures ,  and 
s i n c e  i n  every ind iv idua l  case the s o i l  temperature  i s  cons t an t ,  i n  t h e  f i n a l  
count i t  is  deterniined by the  behavior  o f  the a i r  temperature t . This i s  i n -  

d i c a t e d  a l s o  by the  d i r e c t  comparison of  t he  p r o f i l e s  o f  u and tZ ,  performed 

i n  Figure 3 ,  from which i t  fo l lows ,  t h a t  t he  v a r i a t i o n  of the  temperature and 
the  ascending longwave flow with a l t i t u d e  i s  marked by similar f e a t u r e s .  

z 
Z 
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to- 

*,9 

0'8 - 

0,7- 

CY- 

- 

0 . 

o f  

Figure 2 .  

t u r e  of t h e  Soi l  .and t h e  Air  (a )  on t h e  Water Vapor Content i n  t h e  Atmospheric 

D e p e n d e n c e  o f  Ratio uZ/oT2 on t h e  Difference B e t w e e n  t h e  Tempera- 

Layer a t  A t  = const  ( b )  a t  Minsk S t a t i o n .  I )  Af-IQ.0'; 2) if-20.0'; 3) M=W. 

According t o  the  cha rac t e r  o f  r e l a t i o n s h i p  o f  uz and z t he  range o f  a l t i - / 1 7 3  . -~ 
tudes between 0 and 30 km may b e  d iv ided  i n t o  t h r e e  zones. 
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. . -  

.I 

F igure 3.  Ver t ica l  P r o f i l e s  of t h e  A s c e n d i n g  Longwave 
Radiation and Air  Temperature on 27  A u g u s t  ( 1 )  and 
6 November ( 2 ) .  

TABLE 3 .  DEPENDENCE OF u /aT: O N  A t .  z 
- - .. . - .  ~ __._ ._ 

Point 

- - 

A t '  

0,65 0,58 
0,6G 0,59 
0,61 0,5S 

0,64 0,55 
0,GS 0.57 

O,G5 0,FO 

0,67 - 

- 0,0039 
- 0,0039 
- 

Ti-. Note: Commas i nd ica t e  decimal points. 
1. The ground l e v e l  zone i s  d i s t ingu i shed  by the wide v a r i e t y  o f  r c l z t -  

ionship  between the  v a r i a t i o n s  o f  LI and the  a l t i t u d e .  In  t h i s  zone we ob- 

s e rve  both the decrease  o f  uz wi th  a l t i t u d e  

inc rease  (y < 0)  and the independence on t h e  a l t i t u d e  (y = 0 ) ,  and the  cambin+ 
t i o n  o f  a l l  t h e s e  types o f  v a r i a t i o n s  of u wi th  a l . t i t ude .  The a l t i t u d e  of 

t h i s  zone va r i e s  j n  time and space frori  s e v e r a l  meters t o  4 . 5  k m .  Th.e y grad- 
i e n t s  vary from -0.05 t o  0 . 0 5  caijP7*min. p e r  i km. 

A i i Z  Z 

(y = - > 0' j 1  and the  n z  

Z 

2 .  The second zone i s  charac te r ized  by the  dccrease of u with a l t i t u d e .  
Z 

This  zone extends t o  t h e  tropopause l e v e l .  In  each ind iv idua l  c x e  t h e  de- 
c rease  occurs wi th  a g rad ien t  constant  for t he  e n t i r e  a l ' r i tude  o f  tlie zcne, 
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b u t  from case t o  case the g rad ien t  changes i n  r e l a t i v e l y  wide ranges.  On t h e  
b a s i s  o f  the material a v a i l a b l e  t o  us  w e  ob ta ined  f o r  t h e  second zone 0.009 < 
- < y < 0.026 cal/cm 
va luF  of  .the ascending longwave r a d i a t i o n  decreases  by 30-50%. 

- 
min p e r  1 km. Upon passage through the  t roposphere the  

I 
z h'31 

. 

0 
7,5 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1s 
19 
20 
21 
22 
23 
24 
25 
26 

3. In  the  t h i r d  zone loca ted  beyond the  boundaries o f  the t roposphere,  
t he  ascending longwave flow remains p r a c t i c a l l y  cons tan t ,  i n  t h i s  zone the  
grad ien ts  do not  leave the  l i m i t s  o f  -0.005 < y +0.@05.  - 

In Table 4 we g ive  the  mean p r o f i l e s  o f  u /uo ,  ob ta ined  a t  var ious  points.  z 

. 

TABLE 4 .  

K i e v  

1 ,00 
1 ,O?  
0,%5 
0,91 
O , S 6  
0 ,S l  
0,77 
0,73 
0,69 
0;66 
0,62 
0,5S 
0,55 
0,52 
0,51 
0.51 
0,52 
0,52 
0.53 
0.53 
0.53 
0,53 
0,53 
0,53 
0,53 
0,53 
0,53 
0,54 

NEAN VALUES OF uz/uo. 

~ 

M i n s k  

Summer 

1 ,OG 
I ,O$ 
0,99 
0,95 
0,91 
O , 6 G  
0.51 
0,76 
0,72 
0.68 
0,64 
0,59 
0,55 
O,Y2 
0,52 
0,5? 
0.51 
0,51 
0.51 
0,52 
0,52 
0,52 
0,53 
0,52 
- 
- 
- 
- 

Tashkent 

1 ,oo 
1,01 
1 ,oo 
0,93 

- 

0,86 
0,83 
0,77 
0,72 
O,6S 
0,64 
0,61 
0,58 
0,5.5 
0,53 
0.53 
0.51 
0,so 
C,50 
0.50 
0,50 
0,51 
0,51 
0,52 
0.53 
0 , M  
0,55 
- 

Commas i n d i c a t e  decimal po in t s .  

J1 adi vos tok Sverdl ovs k 

Winter 

1 ,oo 
1 ,OS 
1,lO 
1,07 
1,04 
1,Ol 
0,9s 

0,91 
0.95 

0,87 
0.83 
0,78 
0,75 
0,74 
0,7! 
0,7 i 
0.73 
0,73 
0.72 
0.72 
0.72 
0,72 
q .73  
(:,i2 
0.72 
0,79 
-_ 
- 

1 ,oo 
- 
1,05 
1,08 
1.07 
1,03 
0,98 
0,91 
0,55 
0,80 
0,75 
0,70 
0,68 
0,65 
0,68 
0.66 
0,60 
0,69 
0,70 
0,70 
0,70 
0.70 
0,71 
0.72 
0,72 
0,72 
- 
- 

The conclusion t h a t  the  v e r t i c a l  p r o f i l e  of t he  longwave r a d i a t i o n  i s  de- /174 
termined only by the  d i s t r i b u t i o n  o f  t h e  temperature ,  a t  f i r s t  glance appears 
unexpected, s i n c e  t h e  ascending cu r ren t  o f  longwave r a d i a t i o n  (1) depends a l s o  
on the  d i s t r i b u t i o n  o f  the  absorbing m a s s .  However, owin t o  the f a c t  t h a t  
the  components of  t h e  ascending longWave r a d i a t i o n  flow u' = BOP(wZ) and z 
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u2 = J B d P  (wz - p) upon a change of w 

f e c t  o f  w z  on u 

o f  t he  ascending r a d i a t i o n ,  t h e r e f o r e ,  i n  o r d e r  t o  eva lua te  the  in f luence  o f  
the  meteorological  f a c t o r s  on ind iv idua l  components and ob ta in  a concept on 
t h e i r  r o l e  i n  the  formation o f  t he  flow o f  ascending longwave- r a d i a t i o n ,  we 
c a r r i e d  out  t h e  corresponding c a l c u l a t i o n s .  

change i n  var ious  d i r e c t i o n s ,  t he  ef-  
Z z 

smoothes ou t  somewhat, 
Z 

The e x i s t i n g  methods do no t  enable  us t o  measure t h e  ind iv idua l  components 

In  the  c a l c u l a t i o n s  we used the  fol lowing assumptions.  

1. The temperature decreases  l i n e a r l y  from t h e  underlying su r face  t o  the  
tropopause ?' = To - YZ, l oca t ed  a t  t he  a l t i t u d e  of  z = 10 km. 

Z 

2 .  The underlying s u r f a c e  i s  abso lu te ly  b l ack .  

3 .  'The absorbing subs tance  is  water  vapor,  t he  d i s t r i b u t i o n  o f  which 
with a l t i t u d e  i s  descr ibed  by t h e  fol lowing formula 

217 . 10-6 
pz = pee-", po = -T- 40 

where q i s  t h e  water vapor p re s su re  i n  m i l l i b a r s .  0 

With the  assumptions made on the  b a s i s  of  t h e i r  approximate method o f  
c a l c u l a t i o n ,  proposed by ,K. Ya. Kondrat'yev [ 3 ] ,  t h e  ascending longwave flow 
may be w r i t t e n  i n  the  ,following form 

4 4 

The r a d i a t i o n  o f  the  underlying su r face ,  which reached l e v e l  z 

j =  1 

t h e  atmospheric r a d i a t i o n  

(51 u(*) (w,) = u (Tuz) - u(') (QJz). 

Here j is the  number of  the  s p e c t r a l  sample ( j  = 1, 2 ,  3 ,  4 ) ;  p j  = B . / B  = 1 / 4 ;  
. J  
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B = o T 4 *  k .  i s  t h e  c o e f f i c i e n t  of absorpt ion o f  water vapor f o r  t h i s  s p e c t r a l  
0 '  J 

samples (with allowance f o r  t h e  d i f f u s i o n  o f  r a d i a t i o n  k = 0.166, k2 = 2.60, 

k g  = 36.2,  and k = 189 cm2/gram); woo, w z  are t h e  e f f e c t i v e  content  o f  water 

vapor i n  t h e  e n t i r e  atmosphere and i n  t h e  l a y e r  o f  t h e  atmosphere from t h e  
underlying s u r f a c e  t o  t h e  l e v e l  examined; E i  i s  the  i n t e g r a l .  exponent ia l  func- 
t i o n ;  

f3 = 4.5-10-6 l / c m ;  

l 

4 

y = 6.10-5 deg/cm; 

o = 8. 14*10-1 cal/cm2min. deg4. 

The c a l c u l a t i o n s  were performed f o r  f i v e  cases with var ious  values  o f  /175 
The i n i t i a l  d a t a ,  used i n  t h e  c a l c u l a t i o n s  are given i n  Table 5.  To and q o .  

T A B L E  5 .  INITIAL DATA USED IN THE CALCULATIONS. 

-~ 
Orclinnl 
Nulnher  

232.1 0,l-1 0,13 0,025 
368,9 I "30 1,86 1 0.35F 
296.3 1 2 . 0  R RO 1.6% 

T r .  Note: Commas indicate decimal points. 

ilcrc 'I' is  tlie tcmperature of t h e  underlying s u r f a c e  i n  degrees Kelvin,  

q i s  the  a i r  moisture i n  m i l l i b a r s  a t  t h e  a l t i t u d e  of  1 . 5  m ,  p is i n  grams/ 

cm ', w , ~  i s  i n  grams/cm2. 

0 

0 

'l'lic r e s u l t s  of the ca lcu la t ior i s  a r e  given in  Table 6 .  On the  b a s i s  of 
tlicsc r e s u l t s  w e  can draw tlie following conclusions.  

1 .  Value u ( l '  i s  a decreasing funct ion o f  w and t h e  dependencc of  u (1)  z Z 

on w may be presented  i n  the follvwing form 
Z 

where oT4 = u( ' ) i s  t he  r a d i a t i o n  a t  t h e  underlying sur face  l e v e l ,  w 
e f f e c t i v e  absorbing mass i n  t h e  l a y e r  between 0 t o  l e v e l  z .  On Figure 4a wi th  
var ious symbols w e  have marked t h e  d a t a  from Table 6 ,  corresponding t o  var ious 
cases; t h e  s o l i d  l i n e  corresponds t o  formula (6 ) .  

is  t h e  0 0 z 
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m I, 1.11 I, I. .I, I, I,, 
-- . . . ..... - .... ... ...--. 1.m.1.. ,111.. .I I I1 

F i g u r e  4 .  Dependence o f  U ( ~ ) / O T ;  (a) and u2/0T4 

Water Vapor Content .  

( b )  on the z 0 , z  z 
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TABLE 6. ASCENDING CURRENT uz AND I T S  COMPONENTS uz ( 1 )  
I ? \  

AND u ' ~ '  A T  VARIOUS LEVELS I N  THE TROPOSPHERE. z 

fz 

-40,9 
-41,5 
-42,l 
-42,7 
-43,3 
-43,9 
-46,9 
-52,9 
-58,O 
-64,9 
-70,9 
-7G,9 
-82,9 

-94,9 
--- 100,9 

-88,9 

-4,2 
-4,8 
-5,4 
-6,O 
-6,6 
-7,2 

-10,2 
- I ( ; , ?  
--22,2 
-28,2 
-31,2 
--4O, 2 

-52,2 
-58,2 
-64,2 

-46,2 

23,3 

22 , l  
21,5 
20,9 
20,3 
17.3 
11.3 
5 .3  

-0,7 
-6,7 

-1'2.7 
-18,7 
--24 ~ 7 
--30,7 
-36,7 

22,7 

0,000 
0,001 
0,002 
0.004 
0.005 
0 I006 
0,010 
0,016 
0,020 
0,022 
0 ,  o"3 
0,024 
0,024 

0,025 
0,02,5 

0,025 

0,000 
0,018 
0,036 
0,052 
0,068 
0,083 

0,231 
0,282 
0,313 
0 ,  332 
0,342 
0,349 
0,353 

0,356 

0,145 

0,355 

0,000 
0, OSG 
0,168 
0.247 
0 ;  322 
0,394 
0,685 
1,094 
1,338 
1,483 
1,570 
1,622 
1,652 
1.671 
11682 
1,688 

Case 1 

0,236 
0,236 
0,236 
0,236 
0,236 
0,236 
0,236 
0,232 
0,230 
0,229 
0,228 
0,228 
0 ,  228 
0,227 
0,227 
0,227 

Cas 
0,425 
0,424 
0,425 
0,420 
0,419 

0,409 
0 ,:% 

0,417 

0,381 
0,.371 

0,360 

0,358 
0,359 
0,357 

0,364 

0,339 

0,236 
0,221 
0,208 
0,199 
0,191 
0,184 
0,166 
0,151 
0,145 
0,142 
0,141 
0,140 
0,139 
0,139 
0,139 
0,138 

2 
0,425 

0,232 

0,203 
0,196 
0,177 
0,161 
0,152 
0,148 
0,145 

0,143 
0,143 
0,142 
0.142 

0,266 

0,214 

0,144 

Case 3 

0 ,  G27 
0 ,  625 

0,619 
0,616 

0,569 
0,543 

0,502 
0,490 

0,481 
0,481 
0,480 

0,622 

0,613 
0,599 

0,520 

0 ,  -182 

0,627 

0,35 ! 
0,233 
0,216 
0,203 
0,166 
0,140 
0,135 
0,126 
1,123 
0,122 
0,121 
0,121 
0,120 
0,120 

0,257 

0,000 
0,015 
0,026 
0,037 
0,045 
0,050 
0,070 
0,081 
0,085 
0,087 
0,087 
0,088 
0,089 
0,089 
0,089 
0,089 

0,000 
0,158 
0,190 
0,206 
0,216 
0,221 
0,232 
0,234 
0,229 
0,223 
0,219 
0,216 
0,216 
0.215 
0,216 
0,215 

0,000 
0,338 
0,368 
0,386 
0,400 
0,410 
0,433 
0,429 
0,408 
0,394 
0,379 
0,368 
0,361 
0,360 
0,361 
0,360 

UZ 

a%, 2) 

0,000 
0,064 
0,111 
0,159 
0,195 
0,218 
0,312 
0,380 
0,421 
0,455 
0,481 
0,514 
0,550 
0,543 
0 I 575 
0,659 

0,000 
0,373 
0,453 
0,484 
0,517 
0,531 
0,571 
0,603 
0,623 
0,629 
0,648 
0,671 
0,703 
0,735 
0,777 
0,812 

0,000 
0,541 
0,592 
0,622 
0,648 
0,667 
0,718 
0,742 

0,742 
0,741 
0,753 
0,770 
0,803 
0,843 
0,882 

o., 735 

. _. 

uz 
_. 

UO 

1 ,OOo 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
0,984 
0,975 
0,970 
0,967 
0,967 
0,967 
0,962 
0,962 
0f9g2 

1,000 
0,998 
0,994 
0,988 
0,986 
0,982 
0,962 
0,930 
0,808 
0,873 
0,853 
0,815 
0,84G 
0,842 
0,8.12 
0.841 

1,000 
0,997 
0,992 
0,988 
0,982 
0,978 
0,955 
0,918 
0,866 
0,829 
0,800 
0,781 
0,768 
0,766 
0,766 
0,765 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  
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. - . . .  , 

090 
0.1 
0,2 
0,3 
0,4 
0,5 
1 to 
2,o 
3,o  
4,o 
5,O 
6,O 
7,O 
8,O 
9,0 

10,O 

TABLE 6. (Concl uded)  

27,O 
26,4 
25,8 
25,2 
24,6 
24,O 

15,O 
21 ,o 
9,o 
3,o 

-3,O 

-15,O 
-21,O 
-27,O 
-33,O 

---9,0 

0,o 
0,1 
0 ,2  
093 
0,4 
0,5 
1 ,o 
290 
3,o 
4,o 
5 ,o  
6,O 
7,O 
8,0 
9,0 

30,O 
29,4 

27,6 
27,O 
24,O 

28,8 
28,2 

18,O 
12,o 
6,O 
090 

-6,O 
-12,O 
-18,O 
-24,O 

0,000 
0,135 
0,265 
0,389 
0,508 
0,621 

1,725 
2,109 
2,338 
2,475 
2,557 
2,606 
2,634 
2,652 
2,662 

1,081 

0,000 
0,210 
0,411 
0,603 
0,786 
0,962 
1,672 
2,670 
3,262 
3,616 
3,828 
4,003 
4,032 
4,077 
4,104 
4,120 

01676 
0,672 
0,668 
0,650 
0.615 

Case 4 

0:191 
0,173 
0,160 
0,132 
0.110 

0,659 
0,657 
0,654 
0,651 
0,645 
0,642 
0,627 
0,594 
0,560 
0,540 
0,516 
0,497 
0,494 
0,493 
0,493 
0,492 

0,498 
0,497 
0,497 

0,659 
0,278 
0,240 
0,214 
0,210 
0,181 
0,148 
0,126 
0,117 
0,112 
0,110 
(),io8 
0,107 
0,107 
0,106 
0,106 

0;087 
0,087 
0,086 

Case 5 
0,686 0.686 
0,684 0,265 
0.680 0.221 

01582 0;lOO 
0,557 0,094 
0.530 0.091 
0;525 0:088 
0.498 1 O.OP8 

0,000 
0,379 
0,414 
0,436 
0,435 
0,461 
0,479 
0,468 
0,443 
0,428 
0,406 
0,389 
0,387 
0, X G  
0,387 
0,386 

0,000 
0.  118 
(' ,159 
0,485 
0,499 
0.508 
0:515 
0.505 
0 ;  482 
0,463 
0.439 
0 ; 437 
0,410 
0.411 
0;410 
0,409 

Tr. Note: Cammas indicate decimal p o i n t s .  

2 .  Value u2 i s  t h e  inc reas ing  func t ion  of w ani 
Z Z 

may be  approximately represented  by the  formula 

u?) = 0,7037$, z ) ~ : 1 1 4 ,  

-. 

0,000 
0,576 
0,633 
0,668 
0,670 
0,714 
0,75G 
0,770 
0,757 
0,765 
0,755 
0,755 
0,685 
0,818 
0,856 
0 ,  89'< 

0,000 
0,612 
0,673 
0,715 
0,739 
0,755 
0,786 
0,796 
0,793 
0,793 
0,784 
0,814 
0,794 
0,833 
0,870 
0,904 

1,000 
0,997 
0,992 
0,988 
0,980 
0,974 
0,952 
0,901 
0,850 
0,820 
o,ii;3 
0,754 
0,750 
0,748 
0,748 
0,746 

1,000 
0,995 
0,990 
0,984 
0,978 
0,972 
0,946 
0,895 
0,847 

0,772 
0,764 
0,725 
0,725 
0,724 
0,724 

0,810 

i t s  depcndence on w z 

I 71 

To + Tz where T(o, 2) = --2-- - . 
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2 In  Figure 4 ~ ,  where w e  g ive  the  dependence of  uZ/crT: on w t h e  s o l i d  
Z '  

l i n e s  correspond t o  formula ( 7 ) ,  Proceeding from formulas (6) and (7)  f o r  uz  

In t h i s  way t h e  effect  of w z  on t h e  t o t a l  flow uz is  appreciably smaller than 

on i t s  ind iv idua l  components u1 and u:. 
Z 

On the  b a s i s  of  formula (8) a r e l a t i v e  v a r i a t i o n  o f  t he  ascending long- 
wave cu r ren t  wi th  a l t i t u d e  may be  w r i t t e n  i n  the  fol lowing forms: 

The u /uo r a t i o  v a r i e s  with a l t i t u d e  because of t he  v a r i a t i o n  of  T Z and 

To eva lua te  the r o l e  of  these f a c t o r s  we could use t h e  d e r i v a t i v e s  

/178 
Z 

w - .  

Rep 1 acing a f i n i  e increment Az = 100 m and dw and dT by t h e  i n c r e -  

ments of  t hese  values i n  the  100 m t h i c k  l a y e r ,  we ob ta in  f o r  case 5 the  f o l -  
Z Z 

d (  uo AT a t  var ious  a l t i t u d e s  : 
Z ..- 

d (  -") and 
dTz 

uo Awz 
lowing values 

dWZ 
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z lis1 

0,o- 0 , l  
0 , l -  0,2 

;,o-. 2,o 
2,o- 3,0 
3,o- 4,0 

0 2- 0,3 
0.3- 0.4 
G 1- 1 , s  

4,O- 5,O 
5,O- 6,O 
6,O- 7,O 
7,O- 6,O 
8,O- 9,0 
9,O-10,O 

T r .  Note: 

0,00540 
0,00307 

0,00164 
0,001 39 
0,0005 1 
0,00032 

0,00212 

0,00020 
0,00011 
0,00012 
0,00008 
0 , 0 0 0 0 ~  
0,00002 
0,00002 

0,00464 
0,00500 
0,00524 
0,00510 
0,00546 
0,00625 
0,00582 
0,0056s 
0,00554 
0,00539 
0,00539 
0,005'20 
0,00502 
0 ,  o o m  

A 
B 
- 

1,164 
0,611 
0,404 
0,304 
0,253 
0,OSl 
0,051 
0,036 
0,024 
0,022 
0,014 

0,005 
0,004 

0,007 

Commas ind,cate decimal p o i n t s .  

/ 179  

I n  t h i s  way, the v a r i a t i o n  of t h e  water  vapor content  and temperature 
p l a y  a s i m i l a r  r o l e  i n  t h e  v a r i a t i o n  o f  t h e  u / u  r a t i o  with a l t i t u d e  only  i n  

t h e  lowest l a y e r s  o f  t h e  atmosphere. Beginning with t h e  a l t i t u d e  o f  1 km the  
changes i n  t h e  uz /u  

percent  o f  t h e  change of u /uo under t h e  e f f ec t  o f  temperature.  

z o  

r a t i o  under t h e  e f f e c t  o f  water vapor amount t o  s e v e r a l  0 

z 

In  equat ion (9) t h e  T /T r a t i o  may be  presented  as T /T = 1 - T - 0,z 0,z 0 0 

-T /2T 

To - T Z  d i f f e r e n c e .  

To - T 

ence of moisture:  two cases wi th  lower moisture  conterrt with tlie constant 
AT = 1' - T correspond t h e  g r e a t e r  values  o f  u / u  In  every ind iv idua l  c x c  

t h e  dependence o f  u / u  on A t  may be  presented  by the  formula o f  t h e  type o f  
formula ( 2 ) .  

and then t h e  use o f  uzuo r a t i o  may be  examined as a funct ion of  t h e  z o  

The immediate comparison o f  uz /u  with t h e  d i f f e r e n c e  0 
I n  t h i s  diagram we can s e e  c l e a r l y  the  i n f l u -  i s  given i n  Figure 5 .  

Z 

0 Z z 0 '  

z o  

Figure 5. Rela t ionship  of t h e  Relat ive Variat ion of t h e  A s c e n d i n g  Longwave 
Current W i t h  t h e  Difference Between t h e  S o i l  and t h e  Air  Temperatures. 
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The value of  c o e f f i c i e n t  a f o r  everyone o f  t h e  f i v e  examined cases is / I  80 
given i n  t h e  fol lowing t a b l e :  

TABLE 7. 

Case 

1 
a 
3 
4 
5 

T r .  Note: 

W N  

0,025 
0,357 
1,688 
2,662 
4,120 

a 
(Hi01 

0,0005 
0,0023 
0,0033 
0,0035 
0,0037 

0,0030 
0,0031 
0,0033 
0,0035 
0,0037 

Commas indicate decimal points. 

The value of  c o e f f i c i e n t  a inc reases  with the  inc rease  of  t h e  moisture  
content  i n  the  atmosphere, b u t  s u b s t a n t i a l  v a r i a t i o n s  of a are noted only wi th  
small  values  of  w m .  

The r e s u l t s  given above were obta ined  i n  the  assumption t h a t  t he  absorbing 
substance i n  the  atmosphere is  water  vapor .  The ques t ion  a r i s e s ,  which add i t -  
i o n a l  in f luence  on the  v e r t i c a l  d i s t r i b u t i o n  o f  the  ascending longwave r ad ia -  
t i o n  may be caused by carbon dioxide and ozone. The t r a n s f e r  o f  longwave 
r a d i a t i o n  i n  t h e  atmosphere i s  a f f ec t ed  by ozone i n  the region o f  9 . 0  - 1 0 . 3  1-1. 
This s e c t o r  of  the spectrum accounts f o r  an average o f  0.067 o f  t h e  r a d i a t i o n  
of  the  b lack  body. According t o  K .  Y a .  Kondrat’yev and Niy l i sk  eva lua t ions  
143 i n  pass ing  through the  t roposphere the  r a d i a t i o n  i n  the 9 .0-10 .3  p range 
v a r i e s  by 0.006-0.008 cal/cm2 min, i . e . ,  t he  r e l a t i v e  in f luence  of ozone on 
the i n t e g r a l  flow i s  i n s i g n i f i c a n t .  

Carbon dioxide has  a considerably g r e a t e r  i n f luence  on the  t r a n s f e r  o f  
longwave r a d i a t i o n .  In  Table 8 we g ive  the  r e s u l t s  o f  ca l cu la t ions  of t he  
flow of  t h e  ascending longwave r a d i a t i o n  tak ing  i n t o  account t h e  water vapor 
and carbon d ioxide .  In  t h e  c a l c u l a t i o n  the  volume content  of  C 0 2  i s  assumed 
t o  b e  cons tan t  with a l t i t u d e  and equal  t o  0.03%. The g r e a t e s t  in f luence  on 
the  va lue  o f  t he  flows i s  exe rc i sed  by CO when t h e  values  o f  moistures a r e  

low, the  v a r i a t i o n s  of  t h e  ind iv idua l  components u l  and u2 be ing  more sub- 

s t a n t i a l  than t h a t  of the  complete cu r ren t  u s i n c e  t h e  v a r i a t i o n s  i n  u1 and 

u2 under t h e  in f luence  of  CO In  the  first case,  which 

corresponds t o  the  minimum wa te r  vapor conten t ,  under the  e f f e c t  o f  C02 va lue  

u1 decreases  by 56-57%. and the  r a d i a t i o n  of  t he  atmosphere inc reases  by 47- 
-120%, the  sum ut + u2 = u changes by 4-16%. In  t h e  t h i r d  case  t h e  d i s -  

crepancy between t h e  values  of uz does not  exceed 5%. 

2 

Z Z 

Z ’  

have d i f f e r e n t  s i g n s .  2 

Z Z Z 
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.- 
O TABLE 8. COMPARISON OF THE ASCENDING LONGWAVE CURRENT, CALCULATED ONLY WITH THE ALLOWANCE FOR 

WATER VAPOR (H20) AND WITH ALLOWANCE FOR WATER VAPOR AND CARBON DIOXIDE (H20 + C02) 1181 

-1. 

Case 1 

0,236 
0,23G 
0,232 
0,230 

0,228 
0,228 
0,228 
0,228 
0,227 
0,227 

0,229 

0,236 
0,226 
0,214 
0,205 
0,198 
0,192 
0,191 
0,190 
0,190 
0,190 
0,190 

090 
-0,010 
-0,017 
.-0 ,025 
-0,031 
-0,035 
-0,039 
-0,037 
-0,038 
-0,038 
-0,037 

0,o 
4,1 
795 

10,7 
13,3 
15,5 
17,O 
16,3 
16,4 
14,7 
16,4 

0,236 
0,166 
0,151 
0,145 
0,142 
0,141 
0,140 
0,139 
0,139 
0,139 
0,139 

0,236 
0,072 
0,063 
0,061 
0 ,  060 
0,060 
0,060 
0,059 
0,059 
0,059 
0,059 

0,000 
0,070 
0,081 
0,084 
0,087 
0,087 
0,088 
0,088 
0 ,  os9 
0,089 
0,089 

0,000 
0,154 
0,152 
0,144 
0,138 
0,133 
0,132 
0.131 

0,o 
121 
88 
71 
60 
52 

0,oo 

-0, 089 

-0,081 
-0,080 

-0,094 

-0,085 
-0,082 

: -0,080 
! -0,080 

-0,080 
-0,080 

0,000 
0,084 
0,071 
0,060 
0,052 
0,045 
0,044 
0.043 

0,o 
56,6 
58,6 
58,4 
57,8 
57,5 1 
57,5 
57.2 

50 
48 
47 
47 
47 

7 '  
8 
9 

10 

5710 

~ 57,O 
: 57,O 

0; 131 
0,131 
0,131 

0 ; 042 
0,042 
0,042 

Case 

0,627 
0.140 

3 

0,627 
0,599 
0,569 
0,543 
0,520 
0,502 
0 ,  -190 
9,482 

0,480 
0,480 

0;181 

0,627 
0,504 
0,562 
0,533 
0.507 
0,485 
0,470 
0,459 
0,359 
0,159 
0,459 

0,000 
-0,005 
-0,007 
-0,010 
-0,014 
-0,017 
-0,020 
-0,023 
-0,021 
-0,022 
-0,021 

0,627 
0.166 

0,000 

-0,009 
-0,009 

-0,002 
-0,002 
-0,002 
-0,002 
-0,002 

-0,026 

-0,003 
-0,003 

0,000 
0,432 
0.429 

0,000 
0,454 
0,431 
0,407 
0,384 
0,364 
0,350 
0,340 
0,341 
0,341 
0,341 

0,000 
0,021 
0,002 

-0,001 
-0,010 
-0,014 
-0,018 
-0,021 
-0,019 
-0,019 
-0.0 19 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0 ;  140 

0,122 
0,121 
0,121 
0,121 
0,120 

0,135 
0,126 
0,123 

0; 131 
0,126 
0,122 
0,121 
0,120 
0,119 
0,119 
0,119 
0,118 

0 1409 
0.395 
0 ; 379 
0,368 
0,361 
0,360 
0,360 
0,360 

T r .  note:  Commas i n d i c a t e  decimal p o i n t s .  



When w e  t ake  i n t o  account t h e  absfirption by carbon dioxide the  va lue  of 
t he  c o e f f i c i e n t  i n  formula (2) f o r  case 1 changes from 0.0005 t o  0.0030, i n  
t h i s  way values  u / u  

another  (Figure 5, Curve I a ) .  I n  t h i s  case the  values  o f  a are s u f f i c i e n t l y  
c lose  t o  those obta ined  on the  b a s i s  o f  experimental  d a t a  (Table 3 ) .  
change of wm from 0 .4  t o  4 grams/cm2 the  maximum d i f f e r e n c e  i n  the  values  of  

uz/uo, noted a t  t he  g r e a t e s t  values  of A t  = 60, i . e . ,  a t  h igh  a l t i t u d e s ,  does 

no t  exceed 10%. In  t h i s  way, i f  w e  do n o t  take  i n t o  account t h e  inf luence  of 
moisture  on the value of  c o e f f i c i e n t  a,  and use i t s  mean va lue ,  then  the  devi-  
a t ions  i n  the  u / u  

c o e f f i c i e n t  w i l l  no t  exceed 5%. Consequently, formula (2) may b e  used f o r  /182 
eva lua t ion  of  the  ascending longwave r a d i a t i o n  flow a t  var ious  p o i n t s  wi th  a 
s i n g l e  cons tan t  value of c o e f f i c i e n t  a.  

wi th  A t  = cons t  t o r  a l l  the f i v e  cases approakh one z o  

Upon the  

r a t i o  from t h a t  corresponding t o  the mean value of t h e  z o  

2,Ol 
0,92 
7,77 
6,OO 
8,08 
14,12 
4,21 
5,88 
6,67 
7,25 

5,25 

The cor rec tness  o f  t h i s  conclusion i s  s u b s t a n t i a t e d  by the  comparison of 
t h e  values  of the  ascending longwave r a d i a t i o n  measured and ca l cu la t ed  wi th  
formula (2) when a = 0.0036. The r e s u l t s  of  t h e  comparison a r e  given i n  Table 
9 ,  where we g ive  the  recur rence  of  the  r a t i o  uf /u  ca l cu la t ed  according t o  the  

formula of uf and measured values  of  u . 
z z  

z Z 

7,38 
29,63 

35,OO 
38,38 
29,41 
34,74 
32,35 
27,78 
27,54 

23,82 

34,95 

TABLE 9. 

TO THE DATA FOR S I X  POINTS) ,  u', I S  THE ASCENDING LONGWAVE FLOW CALCULATED 

RECURRENCE (%) OF THE RATIO J / U z  AT VARIOUS ALTITUDES (ACCORDING 

ACCORDING TO THE FORMULA; uz I S  THE ONE MEASURED BY THE RADIOSONDE 

4,03 
12,04 
15,53 
13,OO 
7,07 
9,41 
4,21 
5,88 
8,89 
*5,80 

8,82 

N o .  of 
Cases 

59,06 
47,22 
35,92 
29,OO 
35,35 
32,94 
38,94 
26,47 
23,33 
26,09 

32,87 

2 h'hl I 
I 

__:I-- 
0,O - 1,0  149 
1.01- 2.0 108 

6101- 710 
7,Ol- 8,O 
8,Ol- 9,0 
9,Ol-10,O 

2;Ol- 3:01 103 

95. 
68, 
90' 
69 

51oi- 410 100 
4.01- 5.0 99 
5101- 6:Ol 85 

0,O -10,011259 1 

<o.w 

0,67 
0,oo 
0,oo 
0,oo 
2,02 
2,35 
2,lO 
1,47 
3,33 
4,35 

1,36 

f 
L i m i t s  o f  R a t i o  " z  

U z 
1,06 - 

1 , l O  

22,15 
7,41 
3,88 
13,OO 
8,08 
10,59 
10,53 
14,71 

13,04 

15,81 

20,oo 

4,70 
2,78 
1,94 
4,OO 

1,18 
5,26 
13,24 

15,94 

12,07 

1,Ol 

10,oo 

10,06 
30,55 
42,72 
41,OO 
48,94 
45,88 
41,05 
39,70 
37,78 
39.14 

30,43 

I I 

46:OO I77:00196:00 

60,75 165,511 86,57 

T r .  Note: Commas indicate decimal points. 
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TABLE i o .  

DATA FOR S I X  POINTS) 

RECURRENCE OF u : / u z  AT VARIOUS ALTITUDES (ACCORDING TO THE 

T r .  Note: Commas 

. . .  ~ 

indicate 

Z K M  

! ._ 

Cases 

0,o 
0 ,o  
0,O 
0,o 
0,O 
0,O 
0,O 
0,o 
0,o 
0,o 

0,O 0,O -10,01810 

0,oo 
0,oo 
1,16 
0,oo 
1,16 
1,62 
1,15 
0,oo 
0,oo 
0,oo 

0,73 

0 , O  - 1,0 

2,Ol- 3,O 
3,Ol- 4,O 
4,Ol- 5,O 
5,Ol- 6,O 
6,Ol- 7,O 
7,Ol- 8,O 
8,Ol- 9,0 
9,Ol-10,O 

1,Ol- 2,o 

Ud 
Z Limits of Ratio - 

29 
74 
86 
87 
87 
62 
87 
60 
75 
38 

19:54 l6:09 50;57 11;49 2;31 
22,98 10,34 51,72 12,64 1,16 
12,90 14,51 41,93 22,58 6,46 
3,45 5,75 50,57 27,59 11,49 
0.00 0.00 31.67 21.67 46.66 
2;56 1:28 19;23 26192 5O;Ol 
0,OO I / / /  0,OO 7,89 15,79 76,32 

jecimal points. 

I n  the  c a l c u l a t i o n s  as the  temperature o f  t h e  underlying s u r f a c e  w e  took /183 
the  temperature o f  t h e  s o i l  on t h e  meteorological  p la t form,  measured a t  t h e  
moment o f  launching o f  t he  radiosonde, and t h e  r a d i a t i n g  capac i ty  o f  t h e  under- 
ly ing  s u r f a c e  w a s  assumed t o  be  eq,ual t o  a u n i t y .  A t  the  same time we c a r r i e d  
out  the comparison o f  t h e  measured values  of uz with  t h e  ca l cu la t ed  ones ac- 

cording t o  t h e  r a d i a t i o n  diagram o f  Shekhter  [SI .  The r e s u l t s  of  t h i s  compari- 
son are given i n  Table  10. In  the  c a l c u l a t i o n  according t o  Shekhter ' s  diagram 
we use d a t a  on t h e  temperature and moisture o f  t h e  a i r ,  ob ta ined  simultaneously 
with t h e  r a d i a t i o n  flows by the  ac t inomet r i c  radiosonde. 

From Table 10 we can s e e  t h a t  i n  most o f  t he  cases Shekhter ' s  diagram 
y'ields h ighe r  values  o f  the  ascending longwave cu r ren t s  than the  ac t inometr ic  
radiosonde. The d i f f e r e n c e  between the  measured and ca l cu la t ed  values increas-  
es with the  inc rease  of  the  a l t i t u d e ,  and whereas a t  the a l t i t u d e s  of  up t o  
5 km t h e  r e l a t i o n s h i p  u:/u, > 1 i n  only 60-70% o f  a l l  the  cases ,  and more than 

90% o f  a l l  the  cases ,  t h i s  r a t i o  f l u c t u a t e s  between 0.90 and 1 . 1 0 ,  a t  a l t i -  

tudes of  more than 7 km a l l  t he  values o f  uz/uz > 1, i n  50-76% of  t h e  cases 
d the  r a t i o  uz/uz > 1.10.. 

a r e  found t o  correspond i n  t h e  b e s t  way with the  measurement r e s u l t s .  

uz/uz 
i s  r e f l e c t e d  t o  a lower e x t e n t  on the  d i s t r i b u t i o n  o f  values  of  </uZ. 

an a l t i t u d e  o f  7 km the  </u, r a t i o  wi th in  t h e  l i m i t s  between 0.80 and 1.10 i s  

noted i n  more than 90% o f  a l l  t h e  cases ,  wi th  the  f u r t h e r  i nc rease  o f  t h e  

d 

The values  of  t h e  ascending longwave cu r ren t  ob ta ined  from formula (2)  
The 

f 
r a t i o  has  narrower l i m i t s  o f  v a r i a t i o n s  and the  v a r i a t i o n s  of  t h e  h e i m  

Up t o  
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a l t i t u d e  the number o f  cases i n  t h i s  range decreases ,  b u t  even on the  a l t i -  
tude of 10 km it  s t i l l  amounts t o  80% of  a l l  t he  cases. This  i n d i c a t e s  t h a t  
t h e  ca l cu la t ions  according t o  formula ( 2 )  assure  t h e  coincidence with t h e  
measured values  wi th  an accuracy of up t o  l o % ,  i . e . ,  t he  c a l c u l a t i o n  e r r o r  
l i e s  wi th in  the l i m i t s  o f  t h e  measurement accuracy. 

The i d e a  of  t h e  d i s t o r t i o n  of the  v e r t i c a l  p r o f i l e  o f  ascending longwave 
motion produced as the  r e s u l t  o f  t he  c a l c u l a t i o n s ,  i s  given i n  Figure 6 ,  i n  
which w e  g ive  t h e  p r o f i l e s  o f  t h e  ascending cu r ren t  ob ta ined  by var ious 
methods: as the  r e s u l t  o f  measurements, with formula (2 ) ,  and wi th  Shekhter  
diagram . 

In  the  major i ty  of cases the  v e r t i c a l  d i s t r i b u t i o n  obta ined  wi th  formula 
(2)  i s  c l o s e r  t o  t h e  one obta ined  on the  b a s i s  of  t h e  ac t inometr ic  soundings.  
I n  t h i s  way, formula (2) r e f l e c t s  s u f f i c i e n t l y  w e l l  the p r i n c i p a l  o f  r egu la r -  
i t i e s  o f  the  v e r t i c a l  d i s t r i b u t i o n  o f  the flow of  ascending longwave r a d i a t i o n  

Figure 6 .  
Radiation Flow. 1 ,  Calculated w i t h  Shekhter Diagram; 2 ,  According t o  Formula 
( 2 ) ;  3 ,  Measured. 

Comparison o f  t h e  Ver t ica l  P r o f i l e s  o f  t h e  A s c e n d i n g  Longwave 

From Table 6 it fol lows a l s o ,  t h a t  a l r e a d y b e g i n n i n g  wi th  t h e  s i g n i f i c a n t  
a1 t i t u d e s  the  r a d i a t i o n s  o f  t h e  atmosphere g ive  the p r i n c i p a l  con t r ibu t ion  t o  
the cu r ren t  o f  t h e  ascending longwave r a d i a t i o n .  The con t r ibu t ion  of  t h e  
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atmospheric r a d i a t i o n  inc reases  wi th  the  inc rease  o f  moisture  conten t ,  and an 
e s p e c i a l l y  r ap id  growth i s  noted upon the  change of w from 0 t o  0.02 grams/ 

/ cm2 .  
Z 

Below w e  g ive  t h e  dependence of r a t i o  ul/u and uz/uz r a t i o s  on t h e  
z z  

"effect ive" content  o f  water vapor i n  t h e  w l a y e r  o f  t h e  atmosphere. 
Z 

Z grams/m2 . . . . O , O  0,02 0,2 1,0 2,O 3.0 4.0 

n i / u z .  . . . . . . 1.00 0.31 0,28 0.24 0,22 0.19 0,17 

u s / u z .  . . . . . . O . O  0,69 0,72 0,76 0,78 0.81 0,83 

In  t h i s  way, when w > 0 . 2  t h e  con t r ibu t ion  of t he  atmosphere i s  2-5 tines 
Z 

g r e a t e r  than t h e  con t r ibu t ion  o f  t he  underlying su r face  t o  the  flow o f  t he  
ascending longwave r a d i a t i o n .  
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SPECTRAL BRIGHTNESS OF CLOUDS AND LANDSCAPE OBJECTS I N  THE V I S I B L E  
AND NEAR I N F R A R E D  SECTORS OF THE SPECTRUM 

L .  I .  Chapurskiy, V .  V .  K l e m i n ,  N .  I .  Andreyeva and M .  V .  S t a r t s e v a  

ABSTRACT. Nadir measurements of t h e  s p e c t r a l  b r ightness  of 
f i v e  t y p e s  o f  cloudiness  and s i x  t y p e s  o f  underlying su r -  
f ace  were made w i t h  e l e v a t i o n s  o f  the s u n  from 0-50". T h e  
i n s t r u m e n t  was c a l i b r a t e d  i n  abso lu t e  un i t a l  b r i g h t n e s s .  
T h e  e q u i p m e n t  made i t  poss ib l e  to cont ro l  t h e  s t a b i l i t y  
of i t s  c h a r a c t e r i s t i c s  i n  time. 
From t h e  point  o f  view of re f lec t . ing  p rope r t i e s  o f  natura l  
formations t h e  au thors  expla in  t h e  s p e c t r a l  v a r i a t i o n s  of 
t h e i r  b r igh tness .  
A l l  t h e  r e s u l t s  of the measurements and c a l c u l a t i o n s  a r e  
represented i n  t h e  form of graphs and t a b l e s .  

/ l a 5  - Information on t h e  s p e c t r a l  b r igh tness  o f  the  p r i n c i p a l  types o f  c loudi-  
ness  and o b j e c t s  o f  the  landscape,  ob ta ined  as the  r e s u l t  o f  d i r e c t  measure- 
ments under var ious  condi t ions  of  l i g h t i n g  and s i g h t i n g ,  i s  necessary f o r  
so lv ing  a number of  appl ied  and t h e o r e t i c a l  problems. 
t a i n e d  by means o f  a i r p l a n e  s p e c t r a l  equipment, c a l i b r a t e d  i n  absolu te  u n i t s  
of  b r i g h t n e s s ,  and which makes it p o s s i b l e  t o  con t ro l  t h e  s t a b i l i t y  of i t s  
c h a r a c t e r i s t i c s  i n  time. 
as the  r e s u l t  of i n v e s t i g a t i o n s  which a r e  the  cont inua t ion  o f  measurements 
performed ea r l i e r  i n  t h e  v i s i b l e  and n e a r  i n f r a r e d  s e c t o r s  o f  t he  spectrum [l]. 

Such d a t a  may be  ob- 

The d a t a  given i n  the  p r e s e n t  a r t i c l e  were obta ined  
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1 .  Equipment and Procedure of t h e  Measurements 

Rela t ive  e r r o r  i n  determinat ion 
cloud b r i g h t n e s s ,  % 

The v i s i b l e  channel was c rea t ed  i n  t h e  a i r p l a n e  i n f r a r e d  spec t rometer  [ 2 ]  
by i n s t a l l a t i o n  o f  a se'cond output  s l o t .  As t h e  r a d i a t i o n  r e c e i v e r ,  i n  ad- 
d i t i o n  t o  the  l e a d  s u l f i d e  p h o t o e l e c t r i c  r e s i s t o r ,  a pho toe lec t ron ic  mul t i -  
p l i e r  FEU-27 w a s  used. 
0 .7 ,  and 2.5 p , amounted t o  0.003, 0.01 and 0.05 1 ~ -  r e spec t ive ly .  The angles  
o f  t he  f i e l d  o f  v i s i o n  are equal  t o  0.5 x 5". 
about 1 second. In t h e  spectrometer  a f te r  each measuring cycle  t h e  r a d i a t i o n  
of the  comparison map i s  au tomat ica l ly  recorded,  as the  r e s u l t  o f  which we 
con t ro l  t h e  s p e c t r a l  s e n s i t i v i t y  i n  time. The instrument  was i n s t a l l e d  i n s i d e  
an IL-18 a i r p l a n e .  
head i n s t a l l e d  on a window b a f f l e .  

The s p e c t r a l  r e s o l u t i o n  a t  t he  wavelengths o f  0 .4 ,  

The spectrum scanning time i s  

The s i g h t i n g  was performed v e r t i c a l l y  down through a mirmr  

40 

Before and a f t e r  each f l i g h t  through t h e  mi r ro r  head the  b r i g h t n e s s  o f  
a white  sc reen  i n s t a l l e d  i n s i d e  a hollow sphere which sc reen  completely over-  
lapped the  ape r tu re  o f  t he  spectrometer ,  was recorded.  The screen  w a s  i l lumin- 
a t e d  by the  l i g h t  o f  t he  lamp, r e f l e c t e d  from t h e  i n t e r n a l  walls of t h e  sphere. 
The s p e c t r a l  b r i g h t n e s s  of t h e  screen  w a s  measured under l abora to ry  condi t ions  
by comparing i t  with the  b r igh tness  of  a ribbom f i lament  lamp c a l i b r a t e d  i n  
t h e  S t a t e  Astronomical I n s t i t u t e  named af ter  Shternberg.  In  t h i s  way i t  be-  
came p o s s i b l e  t o  p r e s e n t  the  measurement r e s u l t  i n  absolu te  s p e c t r a l  b r i g h t -  
ness  u n i t s .  In  Table 1 we g ive  the  minimum br igh tnesses  and e r r o r s  i n  d e t e r -  
mination o f  t h e  b r igh tness  of c loudiness  a t  c e r t a i n  wavelengths,  r e g i s t e r e d  
by the  instrument  . 

____-- Wave 1 enq t h., lJ _. 

TABLE 1 E- 1 , 8 ~ 0 - ~  

M i  n i mum recordable  b r i g h t n e s s  

Rela t ive  e r r o r  i n  determinat ion 

GO wat ts  cm-2- s t e r -1 -u - l  

cloud b r igh tness ,  % 
I------ . -. .. 

/186 
. . . . . . . . 

_. 

3,o. 

30 

2 , i .  10-~  

25 

In  May-June 1966 a s e r i e s  o f  f l i g h t s  was c a r r i e d  ou t  wi th in  t h e  l i m i t s  
from t h e  Kara Sea t o  the  regions of  the  Caspian Sea and from the  Ukraine t o  
Westem Ural. Mostly the  f l i g h t s  were performed along the  rou te  a t  a l t i t u d e s  
c lose  t o  the c e i l i n g  f o r  t he  given type o f  t he  a i r p l a n e ,  t h e r e f o r e  i n  ca r ry ing  
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ou t  t h e  i n v e s t i g a t i o n s  t h e  p r i n c i p a l  a t t e n t i o n  was concentrated on obta in ing  
the  g r e a t e s t  p o s s i b l e  amount o f  d a t a  p e r t a i n i n g  t o  var ious ob jec t s .  A t  t h e  
same t i m e  wi th  the measurements d e t a i l e d  records were kept  i n  t h e  jou rna l s  on 
the  c h a r a c t e r i s t i c s  o f  the  clouds and landscape o b j e c t s  i n v e s t i g a t e d ,  and a l s o  
on the  s t a t e  o f  t h e i r  i l l umina t ion .  Observations were c a r r i e d  out  along the  
o p t i c a l  axis  o f  t he  spectrometer .  Since the ty ing- in  of the  measurements was 
performed v i s u a l l y ,  t he  s i g n a l s  were recorded from s u f f i c i e n t l y  e longated 
formations.  
a l s o  from t h e i r  microphysical c h a r a c t e r i s t i c s ,  e leven types o f  c loudiness  and 
underlying su r face  were sepa ra t ed ,  which are given i n  Table 2 .  

Proceeding from the  r e f l e c t i v e  p r o p e r t i e s  of t h e  o b j e c t s ,  and a 

0 rdi na 1 
Number  

1 .  
2 .  
3 .  

4 .  
5 .  

6 .  
7 .  

8. 
9 .  

10. 
1 1 .  

TABLE 2 .  
~ . - .  .~ 

Type o f  Cloudiness and Background 
- .- 

Dense Ci r rus  Clouds 
A1 to-cumulus and A 1  t o - s t r a t u s  Clouds 
S t r a t u s ,  Strato-cumulus and Cumulus Clouds 

i n  Good Weather 
Th i ck Cumul  u s  C1 ouds 
Trans lucent  C i  r rus  Clouds w i t h  Clouds of  t h e  

Lower and M i d d l e  Leve l s  
O l d  Ice Covered w i t h  Snow 
D e n u d e d  Soi l  (Deser ts  and sem 

F i e l d s ,  Sandy Coas t l ines)  
Green Meadows and Planted F i e  
Fores t s  and B r u s h  
Tundra w i t h  Remnants (10-20%) 
Watery Surfaces  

-Deserts, Plowed 

ds 

o f  Snow 

During process ing  the  d a t a  were systematized according t o  s i x  grada t ions  
of  the  he ight  o f  t he  sun,  t h e  boundaries  o f  which were determined by equal /187 
values  of  the cosine of t he  sena te  angle  (see Table 3 ) .  A s  i t  fol lows from 
the  t a b l e  the  g r e a t e s t  number o f  measurements p e r t a i n s  t o  clouds of t h e  lower 
and middle l e v e l s  with the a l t i t u d e s  of t he  sun of  42-55". 
measurements were c a r r i e d  ou t  on c i r r u s  clouds because f requent ly  i t  i s  impos- 
s i b l e  t o  reach t h e i r  upper edge. 

Re la t ive ly  few 

The measurements of  t h e  b r i g h t n e s s  s i g n a l  amplitudes on the  osci l lograms 
were c a r r i e d  ou t  manually. 
t he  M-20 computer. The problem, composed on the  "ALGOL-60" language, provided 
f o r  t he  c a l c u l a t i o n  and de l ive ry  f o r  p r i n t i n g  of  t h e  following da ta :  

Fu r the r  process ing  o f  t he  d a t a  w a s  performed on 

1. Absolute values  o f  t h e  s p e c t r a l  b r i g h t n e s s  o f  s p e c i f i c  formation 
recorded i n  ind iv idua l  measurements ; 
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2. Medium and extreme values  of s p e c t r a l  b r i g h t n e s s  of e leven types o f  
o b j e c t s  a t  var ious  he igh t s  o f  t h e  sun; 

3. For c e r t a i n  wavelengths of recur rence  (according t o  seven grada t ions  
between t h e  extremum values)  o f  b r igh tnesses  o f  s p e c i f i c  types of  o b j e c t s  
under var ious  l i g h t i n g  condi t ions ; 

4 .  Values o f  b r i g h t n e s s  of t he  clouds and background i n  t h e  s p e c t r a l  
r ad ius ,  t h e  boundaries  o f  which are determined by the  water absorp t ion  bands,  
and a l s o  by t h e  o p t i c a l  p r o p e r t i e s  o f  the  atmosphere and landscape o b j e c t s .  

2 .  Measurement Results 

In  Figures  1-4 and i n  Table  3 we g ive  c e r t a i n  materials obta ined  a f t e r  
car ry ing  out  t he  p r e s e n t  i n v e s t i g a t i o n s .  
experimental  d a t a  t h e  fol lowing has been e s t a b l i s h e d .  

A s  t h e  r e s u l t  of t he  ana lys i s  of  t he  

1. The h ighes t  absolu te  values  o f  b r igh tness  both i n  t h e  v i s i b l e  and i n  
t h e  i n f r a r e d  s e c t o r s  o f  t h e  spectrum were obta ined  from t h i c k  cumulus clouds,  
i n  t h e  second p l a c e  wi th  r e spec t  t o  b r igh tness  a r e  the clouds o f  t h e  middle 
l a y e r .  The clouds o f  the  upper l a y e r ,  having a c r y s t a l l i n e  s t r u c t u r e ,  have a 
r e l a t i v e l y  g r e a t  b r igh tness  i n  the  v i s i b l e  and n e a r  i n f r a r e d  s e c t o r s  o f  t h e  
psectrum up t o  1 .2 -1 .3  1.1. However, i n  i n f r a r e d  rays wi th  wavelengths o f  more 
than 1 . 5  P t hese  clouds,  i n  comparison wi th  the  l i q u i d  d rop le t  clouds appear 
darker  because o f  t h e  lower r e f l e c t i n g  c a p a b i l i t i e s  of t h e  ice  p a r t i c l e s .  In  
t h i s  case the  b r igh tness  c o n t r a s t s  a r e  from 20-70%. Consequently, t he  da t a  on 
the  d i s t r i b u t i o n  o f  b r igh tness  i n  the  v i s i b l e  and n e a r  i n f r a r e d  s e c t o r s  of  t he  
spectrum enable  us t o  eva lua te  the  type o f  t h e  cloudiness  observed. 

2 .  The r e f l e c t i o n  minima of t he  c r y s t a l l i n e  clouds were s h i f t e d ,  as i t  is  
the  case f o r  snow, t o  the  region of longer  waves. They are centered nea r  1 .21 ,  
1 .50,  and 2.00 1-1, which corresponds t o  t h e  l o c a t i o n  of the maxima o f  absorp- 
t i o n  by i c e ,  whereas i n  l i q u i d  drople t  clouds they are found nea r  1 .19;  1.45; 
and 1 .94  1-1. According t o  t h e  loca t ion  of  t h e  r e f l e c t i o n  minima we can d e t e r -  
mine t h e  phase o f  t h e  cloud elements,  and consequently w e  can d i s t i n g u i s h  the  
cloud types.  The depth of t h e  minima on t h e  average depends on the  he ight  o f  
t h e  upper boundary o f  t he  cloudiness .  In  some cases  t h i s  proper ty  may be 
used f o r  eva lua t ing  the  he igh t  of t h e  r e f l e c t i n g  s u r f a c e .  

3 .  On the  b a s i s  o f  the  anay l s i s  o f  dependences o f  t he  s p e c t r a l  br ightness  
of clouds on i l l umina t ion  condi t ions i t  has  been e s t a b l i s h e d  t h a t  t h e i r  mean 
b r igh tness  changes s lower,  than the s i g n  o f  t h e  e l eva t ion  of t h e  sun,  and i n  
the  i n f r a r e d  p a r t  o f  t he  spectrum the  cloud b r igh tness  depends l e s s  on the  
e l eva t ion  of t he  sun ,  than i n  t h e  v i s i b l e  and the  n e a r  i n f r a r e d  range up t o  
1 - 1 . 2  1-1. This s p e c i f i c  f e a t u r e  may be explained by t h e  f a c t ,  t h a t  with the  
inc rease  of t h e  he igh t  o f  t h e  sun the  angle  of d i spe r s ion  of  t h e  l i g h t  decreas-  
es .  I n  t h i s  case the  amount of  energy d ispersed  upwards, i nc reases .  Moreovq 
upon t h e  inc rease  o f  the  zeni th  angle  of  t he  sun the  number o f  events  o f  d i s -  
pers ion  o f  the  h ighe r  orders  i nc reases .  The l a s t  two f a c t o r s  cause a c e r t a i n  
inc rease  o f  t he  cloud albedo with the  approach of  t he  luminary t o  the  horizon.  

/189 
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The g r e a t e r  s t a b i l i t y  o f  b r igh tness  i n  the  i n f r a r e d  reg ion  of  t he  spectrum 
upon the  change of t he  luminat ion condi t ions ,  i n  add i t ion  t o  t h e  above-mention- 
ed f a c t o r s ,  is  a f f e c t e d  by the  g r e a t  t ransparency o f  t h e  atmosphere f o r  
r a d i a t i o n s  with wavelengths o f  more than 1 u .  

2 B watts/cm - s t e r - u  

G 2,4n !J 

Figure 1 .  
H8 = 4 0 " ; - 2 ,  C u m u l u s  Clouds H S u n :  1 ,  Cirrus Clouds, 

Snow, HQ = 26-29"; 4 ,  M u l t i l e v e l  Cloudiness,  He = 36-42"; 5 ,  Deserts and S e m i -  

deserts , HQ = 34-36"; 6 ,  Tundras w i t h  Snow Remnants (10-20%), H8 = 43-46". 

Mean Spectral  B r i g h t n e s s e s  of Objects a t  Various Elevat ions of t h e  
= 30"; 3 ,  O l d  Ice w i t h  

0 

4. The b r igh tness  of var ious  s e c t o r s  o f  cumulus, s t ra tocumulus and a l t o -  
cumulus clouds i n  the  i n f r a r e d  se .c tor  of  t he  spectrum v a r i e s  by more than two 
o rde r s ,  whereas i n  the  v i s i b l e  band i t  v a r i e s  by not  more than one and a h a l f  
o rde r .  This  i s  caused by the  considerable  con t r ibu t ion  o f  t he  d i f fused  
r a d i a t i o n  i n  t h e  v i s i b l e  range o f  t he  spectrum, and a l s o  by the  r e l a t i v e l y  
s m a l l  t ransparency of t he  clouds t o  i n f r a r e d  r a d i a t i o n .  
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- 

$ Measure 

F+ 5 1 Hments i 
i? I No* Of 

_ _ _ .  . . . . .  

Spectral bnges,  1-1 
_ _ _ ~ - .  - . . . -~ .. 

o,ao-o,71 o,5~-0.71 I,OS-I,ZJ i.zs-1.57 1,67--2.14 0,87--1,33 1,x+--2.56 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
7 

2 
3 
4 
6 
7 

10 
11 

1 1 2  

1219 
65/107 
77j124 

21/33 
24/37 
18/20 
42/66 
19/32 

18/20 
919 

15/15 
24/61 
15/34 

12/6 
21 142 

310 

_____ ~ 

5 6 7 8 9 

1216 

3.52 
3.,62 
3 , 9  
5,03 
2,64 
5,52 
0.924 

3'136 
313 

24,'24 
15/9 

1,92 
2,lO 
2,23 
2,57 
1,56 
3,25 
0.5730 

0,625 
0,466 
'0,828 
0,285 
0,228 
0,353 
- 

12/15 I 15/18 
11 6,'O 

0,537 
0,412 
0,699 
0,167 
0,248 
0,291 - 

2 310 
7 I 3!0 

2 
3 
7 
9 

10 
11 

15/39 
6: 6 
6 '6 
319 
0112 
610 

11. Sol2 

1,14 
1,OY 
1 , 2  
0,191 - 

5,40 
2,88 
2,54 
4,24 

1.52 
2,94 

0,67 0,304 0,279 I 0,256 
0,55 0,317 * 0,341 0,367 
0,68 0,180 0,148 0,193 
0,091 0,190 0,161 0,092 
- 0.216 0.197 0.135 

1,52 
1 ,GO 
2,75 

0,676 
0,353 

3,23 

0,Gg.t 

2 ,9  

2,11 

1,67 
1,45 

1,63 
0,93 

[ I .  Sola 

0,785 
0,646 
1,50 

0,291 
0,307 

1 ,90 
0,322 

0,91 
0,886 
0,667 
1,34 
0,512 
0,412 
0,508 
0,471 
0,381 
0,357 

Eleva t ic  

0,67 
0,745 
0,58 
1,20 
0,488 
0,160 
0,432 
0,406 
0,288 
0,318 

32-42' 

0,35 
0,620 
0,416 
0,95 
0,418 
0,0089 
0,326 
0,311 
0,198 
0,222 

1,25 0,72 0,397 1 0,779 1 0,686 1 0,550 
0,456 0,417 0,374 - - - 
0,634 0,376 0,214 1 0,420 1 0,368 1 0,379 

IV. Solar Elevation 12" 31'-21° 40' 

0,393 
0,415 
0,512 
0,066 
0,167 
0,256 
- 

2,45 
2,30 
1,71 

1,33 
1,37 
1,38 
1,04 
0,939 

3,97 

3,25 
2,19 
1,32 

1,79 
- 

1,09 

1,70 
1,29 
2,22 
0,914 
0,745 
1,07 
- 

0,864 
0,952 
0,520 
0,582 
0,574 
- 

0,792 
1,13 
0,882 
1,89 
1,476 
0,074 
0,959 
0,540 
0,340 
0,349 

0,816 
1,06 
0,696 

0,417 
0,658 

- 

0,833 
0,746 

0,142 
0,334 
0,394 

1,18 

- 

0,448 
0,746 
0,854 
0,193 
0,230 - 

V. Solar Elevation 4"-12" 30" 

0,58 0,32 . 0,344 0,37 
0,25 0,13 I - I - 
0,21 0,103 - I -  

VI. Solar Elevation -2", -4' 
- - - - - 0,21 0,12 

0,129 0,081 1 - 1 - 1 - 1 - I - 
I n  column 2 i n  the  numerator we g i v e  t h e  number o f  measurements i n  the  v i s i b l e  
channel, i n  t h e  denominator t h e  number o f  measurements i n  t h e  i n f r a r e d  channel. 
T r .  Note: Commas i n d i c a t e  deeinal p o i n t s .  
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5. From the  ana lys i s  o f  t h e  cha rac t e r  of  d i s t r i b u t i o n  o f  recur rences  o f  
var ious grada t ions  o f  s p e c t r a l  b r igh tness  o f  clouds i n  t h e  middle and lower 
l e v e l s  ( f o r  which we obta ined  the  g r e a t e s t  number of  cases)  it has been es tab-  /190 
l i s h e d  t h a t  t he  l a t e s t  recur rence  is  possessed by b r igh tnesses  , which are 
somewhat g r e a t e r  than t h e  medium va lues .  

2 
6 w a t t s / c m  

*ster-p 

b ? 

Figure 2 .  Mean Spec t ra l  Brightnesses  of Clouds of t h e  M i d d l e  Level a t  D i f -  
f e r e n t  Elevat ions of  t h e  S u n .  

I )  H =42 + 55", 2) H =32 + 42". 3) H =21J -I 320°. 4)  H = 12.5 + 21,7', 5)  H = 1 -3 2'. 
0 0 0 0 0 

6 .  In  works [l and 31 it i s  shown t h a t  i n  the  1 . 4  t o  2 .5  s e c t o r  of  the 
spectrum t h e  b r igh tness  of the clouds i s  considerably g r e a t e r  than t h a t  o f  t he  
snow, however, i n  t h i s  band we o f t e n  encounter d i f f i c u l t i e s  i n  de t ec t ion  of 
clouds aga ins t  the background o f  denuded s o i l s  and vege ta t ion  covers.  The 
measurements performed showed t h a t  t h e  s p e c t r a l  b r igh tness  of  o l d  i c e  with 
snow recorded i n  the  sou theas t e rn  p a r t  o f  the Kara Sea,  i n  the  v i s i b l e  band 
is  commensurable wi th  the  b r igh tness  o f  clouds o f  t h e  upper and middle l e v e l s  
and exceeds t h e  mean b r igh tness  of  clouds of the lower l e v e l s .  In  the  i n f r a -  
red  s e c t o r  o f  t he  spectrum the  b r igh tness  of  t he  i c e  r ap id ly  decreases  and a t  
wavelengths o f  more than 1 l~ t he  i l l umina t ion  condi t ions be ing  equal ,  becomes 
1-2  o rde r s  below t h e  b r i g h t n e s s  of  any type of  c loudiness .  
d i s t r i b u t i o n  o f  i c e  b r igh tness  curves near  1 . 1 ,  1 . 4 ,  and 1 .9  p, w e  f i n d  two 

In  t h e  s p e c t r a l  
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minima, connected wi th  t h e  absorp t ion  bands o f  t he  water vapors contained i n  
the  atmosphere and wi th  i c e  r e f l e c t i o n  minima. 

7. In  landscape o b j e c t s ,  combined under the  term "denuded s o i l "  i n  t h e  
0.6-0.9 
wavelength. This i s  caused by the f a c t  t h a t  upon the  passage from t h e  v i s i b l e  /1g1 
band t o  t h e  i n f r a r e d  the  r e f l e c t i v e  capac i ty  o f  t hese  ob jec t s  i n c r e a s e s ,  which - 
compensates t h e  decrease  of  energy wi th  the  wavelength i n  the  s o l a r  spectrum. 
The measurements showed t h a t  the  g r e a t e s t  c o n t r a s t  between the clouds and t h e  
d e s e r t  landscapes a r e  observed i n  t h e  v i o l e t  and b l u e  p a r t s  of  the  spectrum. 
The three-dimensional v a r i a b i l i t y  o f  b r igh tness  o f  i nd iv idua l  types of  denuded 
s o i l ,  such as d e s e r t ,  s e c t o r s  of  sandy coas t ,  and plowed f i e l d s  i s  not  l a r g e .  
However, i n  gene ra l ,  t h e i r  b r igh tness  may vary by two o rde r s .  

s p e c t r a l  range the  b r igh tness  is  p r a c t i c a l l y  unchanged wi th  t h e  

B wa t t s/cm2* s t e  r 1-1 

1 1 

I 

+- I (0 I 

Figure  3. Mean Maximum Values and Recurrences (%) o r  Yarious Gradations of 
Spectral  B r i g h t n e s s  of t h e  Cloudiness i n  t h e  Second Level w i t h  t h e  S u n  Eleva- 
t i  ons of 42-45'. 



8. The s p e c t r a l  b r i g h t n e s s  o f  t h e  meadows and green f i e l d s  and a l s o  the  
tundra  landscape inc reases  somewhat i n  t h e  0.7-0.9 p s e c t o r  of t he  spectrum, 
through t h e  sharp  inc rease  o f  t h e i r  r e f l e c t i v e  capac i ty .  
reg ion ,  beginning wi th  1 . 6  1-1 , t h e  b r igh tness  c o e f f i c i e n t s  o f  t hese  o b j e c t s  
decrease wi th  t h e  wavelengths,  i n  connections which only the  nea r  2 . 3 ~  the  
values o f  the  b r i g h t n e s s  c o n t r a s t  between the clouds and green landscapes 
approach the  va lues ,  observed i n  the  v i s i b l e  s e c t o r  o f  t h e  spectrum. 
ogous v a r i a t i o n s  of t h e  s p e c t r a l  b r igh tness  i s  observed f o r  f o r e s t s  massifs 
a l s o ,  however the  values  o f  f o r e s t  b r igh tness  are less than t h e  b r igh tness  of  
meadows and green f i e l d s .  Through t h e  growth o f  t he  albedo o f  vege ta t ion  / 192 
landscapes,  wi th  the  inc rease  of t he  zeni th  angle  o f  the  sun,  t h e i r  b r igh tness  
decreases  s lower wi th  t h e  decrease of  t he  e l eva t ion  of the sun, than t h e  
cosine of  t h e  zeni th  angle .  

In  the  i n f r a r e d  

The ana l -  
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Figure 4 .  Mean 
of t h e  Spec t ra l  
42-45". 

* P  
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and Extrema1 Values and Recurrences (%) of Various Gradations 
B r i g h t n e s s  of Thick C u m u l u s  Cloudiness with S u n  Elevat ions o f  

3 .  Comparison of Experimenta Data w i t h  t h e  Theore t ica l  Calcu la t ion  Data 

The experiment performed enabled us t o  check the  t h e o r e t i c a l  systems o f  
t h e  c a l c u l a t i o n  of  s p e c t r a l  b r igh tness  o f  c loudiness  i n  t h e  v i s i b l e  band of  
t he  spectrum, developed a t  the  I F A  AN SSSR and a t  the  GGO. 
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The s p e c t r a l  b r igh tness  of t h e  cloud-atmosphere system observed from t h e  
s a t e l l i t e  i s  determined by t h e  r e l a t i o n s h i p  

where 

I o ( A )  i s  the  i n t e n s i t y  o f  the  s o l a r  l i g h t  i n  the  upper boundary of  t h e  atmos- 

phere a t  the  wavelength o f  A ,  TA(zO , T ) a r e  t h e  s p e c t r a l  

func t ions  o f  t ransmiss ions  o f  t he  atmosphere from i t s  upper boundary t o  t h e  
clouds , and from the  clouds t o  the  r e c e i v e r ,  D(z@, 8 ,  +, T ~ ~ ,  T ~ ~ ~ )  i s  the  

r e l a t i v e  b r igh tness  of  the  a i r  haze,  T and T~~~ a r e  t he  o p t i c a l  th icknesses  

o f  clouds and atmosphere r e spec t ive ly .  k i s  the  cloud d i f f u s i o n  i n d i c a t r i x ,  
z i s  the  zeni th  d i s t a n c e  o f  t he  sun,  8 i s  t h e  s i g h t i n g  angle ,  + i s  t h e  s i g h t -  

i ng  azimuth, A i s  the albedo o f  t he  clouds.  

) and TA(8,  T a t m  atm 
/193 

c l  

@ 

The Brel(zg, e", $I", -ril) value was c a l c u l a t e d  f o r  t h e  condi t ions :  zo = 
0 

= 30" 8" = 0 " ,  -rocl = 10 .  

c a l c u l a t i o n  o f  the  mean b r igh tness  was assumed equal  t o  50% according t o  [ 4 ] ,  
and with the  c a l c u l a t i o n  o f  t he  maximum b r i g h t n e s s ,  t o  75%. The values  o f  
k are taken from Table r[ .6 .11 o f  work [ 4 ] ,  and the  va lues  of  TA and D were 
taken from work [ S I .  

The va lue  o f  t he  cloud albedo f o r  T "  = 10 when the  c l  

The c a l c u l a t i o n s  were c a r r i e d  ou t  f o r  clouds o f  t he  upper l e v e l  (A = 75%, 
50, t h e  a l t i t u d e  of  the  upper boundary i s  10 km), o f  t h e  middle l e v e l  c1= 

(A = 75%, T = 50, he igh t  of  t h e  upper boundary is  3 km) , and t h i n  clouds of 

the  lower l e v e l  (A = S O % ,  T = 10, he igh t  o f  the  upper boundary i s  0.55 km) . 
I t  was assumed, t h a t  i n  the  ex i s t ence  of c loudiness  i n  the  upper l e v e l ,  t h e  
b r igh tness  of  t h e  s u p e r  cloud l a y e r  of a i r  haze i s  equal  t o  zero; i n  the  p re -  
sence o f  c loudiness  i n  the  second l e v e l  D = D 

lower l e v e l  D = D 

assumed equal t o  0 . 3 ,  which corresponds t o  the  ho r i zon ta l  v i s i b i l i t y  o f  20 km 
beyond the  clouds.  

c l  

c l  

and f o r  c loudiness  o f  t h e  3 km' 
m 

The o p t i c a l  th ickness  o f  t h e  atmosphere T~ was 0 .55  km' 
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TABLE 4 .  

V A L U E S ,  S E C O N D  L I N E S  ARE THE M A X I M U M  V A L U E S ) .  

COMPARISON OF THE MEASURED AND CALCULATED VALUES OF ABSOLUTE SPEC-  
TRAL B R I G H T N E S S  O F  C L O U D I N E S S  B w t / c m 2 - s t e r - p  ' ( F I R S T  L I N E S  ARE T H E  M E A N  

0,45 

0,55 

0,65 

T r .  Note 

26,6 
39,8 
23,4 
35,2 
18,8 
28,2 

0,45 

0,55 

0,65 

16 
30 
17 
31 
13 
31 

11 
22 
12 
24 
10 
21 

13 
16,5 
14 
19 
11 
17,2 

18,2 
27,2 
18,8 
28,2 
16,6 
24,s 

Elevat ion of t h e  S u n ,  degrees 
- . " - ~  i -  . . . . . . . . 

0,45 

0,55 

0,65 

21,2 

20,2 
31,8 

28,8 
16,4 
23 

12,2 
18,2 
13,8 
20 
15,4 
23,2 

18 
24,2 
20 
21,5 
16 
17 

10,8 
16,2 
12,2 
18,4 

Cloudiness of 

10 4,1 6 ,7  
14,8 4 ,4  7 , 5  
7 4 ,2  (5) 

11, l  4,6 2,3  

14,6 
22 
16 
24 

8 
19 
11 
21 

15 9 I 22,6 1 17 

Cloudiness of t h e  Lower Level  

9 ,2  7 , 2  4,o 6,3  1 13,8 I 12 I 4,2  I 7,7  

Commas i n d i c a t e  decimal pocnts .  

The ca l cu la t ed  mean and m a x i m u m  b r igh tness  values  of  t he  clouds i n  t h e  /194 
upper and middle l e v e l s  a t  sun e leva t ions  of  40 and 50" i n  a l l  t h e  v i s i b l e  
s e c t o r  o f  t he  spectrum proved h ighe r  than t h e  corresponding measured mean va l -  
ues .  This  i s  expla ined  by t h e  f a c t  t h a t  i n  t h e  ma jo r i ty  o f  t he  cases t h e  
f l i g h t s  were c a r r i e d  o u t  above t h e  intramass t h i n  clouds,  t he  o p t i c a l  t h i ck -  
ness  of which probably was not  h igh ,  and consequently t h e i r  albedo wi th  t h e  
sun e l eva t ions  mentioned proved less than 75%. I t  i s  q u i t e  p o s s i b l e  a l s o ,  
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t h a t  among a l i m i t e d  series o f  observa t ions  t h e r e  were no d a t a  on the  cloudi-  
ness  o f  t he  upper l e v e l  with an albedo equal  t o  75%. 

We know t h a t  t h e  albedo o f  clouds inc reases  wi th  the  decrease of t h e  ele- 
va t ion  o f  t h e  sun, t h i s  r e l a t i o n s h i p  be ing  the  more pronounced, t h e  smaller 
i s  t h e  o p t i c a l  th ickness  of t he  clouds [4]. A t  t h e  same time t h e  albedo of 
clouds i s  less dependent on t h e i r  o p t i c a l  th ickness  a t  low e l eva t ions  o f  t h e  
sun, than a t  l a r g e  e l e v a t i o n s .  The wide range o f  v a r i a t i o n s  of the  albedo o f  
clouds i l l umina ted  by the  sun ,  l oca t ed  h igh  above the  horizon ( the  albedo o f  
clouds i n  t h i s  case according t o  t h e  d a t a  o f  works [ 6 ,  71 changes from 30 t o  
7 5 % ) ,  causes cons iderable  f l u c t u a t i o n s  o f  t he  abso lu te  b r igh tness  o f  t h e  cloud 
cover.  With a l i m i t e d  s e r i e s  o f  observa t ions ,  t h i s  may r e s u l t  i n  t h e  f a c t  
t h a t  t he  va lue  of  t he  mean absolu te  b r igh tness  obta ined  
series, may prove s u b s t a n t i a l l y  d i f f e r e n t  from t h e  t r u e  mean value.  A t  t h e  
same time wi th  low e l eva t ions  of the  sun t h e  s c a t t e r i n g  of t h e  albedo values  
(and consequently,  a l s o  the  absolu te  b r igh tness  va lues)  i s  no t  g r e a t ,  and the  
mean of  t h e  measured values  o f  absolu te  b r i g h t n e s s  should be  c lose  t o  t h e  t r u e  
values  even with a small s e r i e s  of observa t ions .  From t h e  experimental  da t a ,  
given i n  Table 4 ,  we can s e e  t h a t  t he  d i f f e r e n c e  between t h e  maximum and mean 
values  of  absolu te  b r i g h t n e s s ,  refer t o  t h e  mean va lue ,  wi th  e l eva t ions  of  t he  
sun o f  40-50°, amounts t o  30-100 %, whereas f o r  25-5" e l eva t ions  of  t he  sun 
i t  amounts t o  only 10-30%. This may e x p l a i n  the  good agreement o f  t he  meas- 
ured and ca l cu la t ed  values  of  t he  absolu te  s p e c t r a l  b r igh tness  of t he  cloud- 
atmosphere system wi th  25-5' e l eva t ions  of  t he  sun .  

t o  the  b a s i s  o f  t h i s  

We should no te ,  that wi th  25-5" e l e v a t i o n s  o f  the  sun, the  ca l cu la t ed  
maximum values  o f  the clouds o f  the  lower and middle l e v e l s  proved smaller 
than those obta ined  experimental ly .  Apparently t h i s  i s  explained by the  higher 
conten ts  o f  the aerosol  than i t  w a s  assumed i n  the  c a l c u l a t i o n s ,  and conse- 
quent ly ,  by t h e  h ighe r  b r igh tness  o f  the  a i r  haze .  With h ighe r  e l eva t ions  o f  
t he  sun the  s h a r e  o f  t he  b r igh tness  o f  t he  a i r  haze i n  the  clouds-atmosphere 
system is  i n s i g n i f i c a n t ,  and the  t o t a l  f low of  r a d i a t i o n  is  determined f irst  
o f  a l l  by the r e f l e c t i v e  capac i ty  of  the  clouds.  With small  e l eva t ions  o f  
the  sun ,  the con t r ibu t ion  of  the  a i r  haze b r igh tness  i s  comparable wi th  o r  
exceeds t h e  flow of r a d i a t i o n  r e f l e c t e d  by the  c louds .  Therefore  wi th  25  and 
5' e l eva t ions  o f  t he  sun t he  a c t u a l  b r igh tness  o f  t h e  cloud-atmosphere system 
proved h ighe r  than t h a t  ca l cu la t ed  t h e o r e t i c a l l y .  The f a c t  t h a t  i n  t h e  s h o r t -  
wave s e c t o r  o f  the spectrum w e  observed a g r e a t e r  d i f f e r e n c e  between the  cal- 
cu la t ed  and measured values  than i n  the  longwave f a c t o r  speaks i n  favor  of  t he  
assumption o f  t he  h igh  aerosol  conten t .  

4 .  Comparison o f  t h e  Results of  Spectrometr ic  and Pyronometric Measurements 

Simultaneously wi th  the  measurements of the  ascending s p e c t r a l  flows i n  
the  narrow s o l i d  angle  of  v i s ion  i n  the  n a d i r  on the  IL-18 a i r c r a f t  by means 
of pyronometers measurements were made of  t h e  flows of  shortwave r a d i a t i o n ,  
i nc iden t  on the  u n i t  a r e a  from the  lower and upper hemisphere. The sensors  
were i n s t a l l e d ' i n  t h e  upper and lower par ts  o f  t he  a i r p l a n e s '  fuse lage .  
s i g n a l s  were recorded on an instrument  o f  t h e  EPP-09M-1 type.  The s e n s i t i v i t y  
o f  t h e  pyronometers w a s  p e r i o d i c a l l y  checked i n  t h e  labora tory .  

/195 
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Moreover, immediately be fo re  the  f l i g h t s  and a f t e r  them the  reas ings  were 
compared wi th  t h e  con t ro l  p a i r  o f  pyronometers. 

The process ing  o f  t h e  measurement r e s u l t s  w a s  performed according t o  t h e  
usual procedure [ 8 ] .  For comparison with t h e  r e s u l t s  of t he  spec t romet r ic  
measurements t he  d a t a  on pyronometers, ob ta ined  over  f i e l d s  of  8-10 po in t s  
c loudiness  wi th  the  corresponding e l eva t ion  of  t h e  sun were used. The conver- 
s i o n  of  the  readings o f  t h e  spectrometer  t o  t h e  pyronometer d a t a  was performed 
i n  the  assumption o f  t h e  o r t h o t r o p i c  r e f l e c t i o n  by t h e  clouds,  i . e . ,  t he  c a l -  
cu la t ion  o f  t he  ascending flow E+ was c a r r i e d  o u t  by means of t h e  formula 

SP 

where B i s  t h e  s p e c t r a l  b r i g h t n e s s  of  t he  clouds,  measured a t  t h e  s i g h t i n g  

angle  8 ,  equal  t o  0" (wat t s /cm2-s te r -y)  , Ax is the  " s p e c t r a l  reso lu t ion"  of  
t h e  measurements ( p )  . 

x 

Taking i n t o  account t he  f a c t  t h a t  t he  time cons tan t  o f  the  instruments  
d i f f e r  s u b s t a n t i a l l y ,  f o r  t h e  comparison, spec t ronie t r ic  d a t a  were used which 
were averaged f o r  t he  corresponding time i n t e r v a l s .  S ince  pyronometers are 
s e n s i t i v e  t o  r a d i a t i o n  with wavelengths of 0.3-3.0 p and the  spectrometer  op- 
e r a t e s  i n  the  0 . 4  t o  2 .5  1-1 range,  t h e  values  obta ined  as the r e s u l t  o f  calcu- 
l a t i o n s  according t o  formula ( 2 ) ,  should be 5-10% l e s s  than those  obtained by 
measurements by means o f  pyronometers , with  i d e n t i c a l  accuracy of  c a l i b r a t i o n  
of  both types of  ins t ruments  . 

We succeeded i n  checking the  correspondence of t he  absolu te  c a l i b r a t i o n  
of the equipment during synchronous measurements performed i n s i d e  clouds,  
where t h e  r a d i a t i o n  flows i n  a l l  d i r e c t i o n s  a r e  i d e n t i c a l .  The v e r i f i c a t i o n  
showed, t h a t  no s u b s t a n t i a l  d i screpancies  i n  the  readings of t he  two types of  
instruments  a r e  observed. Thus, i n  t he  f l i g h t  on 2 1  May i n s i d e  th i ck  a l t o -  
s t r a t u s  c louds,  convert ing t o  cirrus clouds,  t h e  ascending and descending 
flows according t o  the  pyronometers were equal t o  0.621 and 0.813 cal/cm2*min, 
and the  ascending flow according t o  the spectrometer  i s  equal  t o  0.602 c a l /  
/cm2.min. On the  19th  of  June  during the f l i g h t  along t h e  upper edge of 
c i r r o - s t r a t u s  c louds,  t u rn ing  t o  a l t o s t r a t u s ,  i n  one case we obtained values  
of  0 .53 ,  1.54 and 0.47 cal/cm2-min, r e spec t ive ly  and i n  the  o t h e r  t o  0.720, 
1 .43  and 0.620 cal/cm2 emin. 
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In  Figure 5 w e  compared the  values  of t he  ascending shortwave r a d i a t i o n  
flows over  f i e l d s  o f  clouds of  the  lower and middle level  measured synchronous- 
l y  by means o f  a spec t rometer  and pyronometer. The d a t a  on the  spectrometers  
are taken from Table 3 and an averaging w a s  performed f o r  the same condi t ions  
o f  68 ind iv idua l  measurements w i t h  the  pyronometer. 
r a d i a t i o n  r e f l e c t e d  by the  c loudiness ,  ca l cu la t ed  according t o  t h e  readings on 
the  spectrometer ,  proved less than the  q u a n t i t y  o f  r a d i a t i o n ,  measured by t h e  

The q u a n t i t y  of  s o l a r  
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pyronometer; i n  t h i s  case t h e  d i f f e rences  i n  t h e  readings are inve r se ly  pro-  
p o r t i o n a l  t o  the va lue  o f  t h e  r a d i a t i o n  flow r e f l e c t e d  by the  c loudiness .  
Thus, t h i s  d i f f e r e n c e  r e f e r r e d  t o  t h e  readings o f  t h e  pyronometer, amounts t o  

30-35% wi th  E' < 0.6 cal/cm2*min. and 15-25% wi th  0 .6  < E' < 0 . 7  cal/cm2- 

min. Inasmuch as t h e  amount o f  r a d i a t i o n  r e f l e c t e d  by t h e  cloudiness  depends 
p r imar i ly  on the  e l e v a t i o n  o f  t he  sun,  t h e  l a r g e  d i f f e rences  between t h e  read-  
ings  o f  t h e s e  instruments  are observed with very small e l eva t ions  o f  t h e  sun. 
This i s  caused by the  fac t  t h a t  wi th  t h e  small e l eva t ions  o f  the  sun t h e  cloud 
d i f f u s i o n  i n d i c a t r i x  s t r e t c h e s  i n  the  d i r e c t i o n  of t h e  mi r ro r  r e f l e c t e d  r ay  

PYr PY r 

and consequently,  t h e  d i f f u s i o n  of l i g h t  by 
from the o r t h o t r o p i c  [4 ] ,  t h e  b r igh tness  i n  
mean b r igh tness  B* ,  c a l c u l a t e d  according t o  

fol lows,  t h a t  t he  b r igh tness  c o e f f i c i e n t  

proves too  low as compared with t h e  albedo,  

(here  Io  i s  the  i n t e n s i t y  A = E  cosz ' 
pyr'I0 o 

length-  range between 0 . 3  and 3 p, coming t o  
phere) t h e r e f o r e ,  i n  c a l c u l a t i o n  o f  t he  cloud albeho according t o  the  measure- 
ments from t h e  s a t e l l i t e  i t  i s  necessary t o  t ake  i n t o  account t he  cloud d i f -  
fusion i n d i c a t r i x .  
r a d i a t i o n  by t h e  cloud cover r e s u l t s  i n  low albedo va lues .  In  p a r t i c u l a r ,  

The assumption o f  t he  o r t h o t r o p i c  r e f l e c t i o n  of  t h e  s o l a r  

t h e  clouds d i f f e r s  s u b s t a n t i a l l y  
the  n a d i r  proving Tmaller than t h e  
formula B* = l / l r  E Hence .it 

*d PYr' 
zs  B,dh 
A' k =  10 cos Z@ 

c a l c u l a t e d  according t o  formula 

o f  s o l a r  r a d i a t i o n  i n  the  wave- 

the  upper boundary of  t h e  atmos- 

' E caI/cm2=min 
S 

I ~= I.-- + 
P 

E cal/cm2-min 

Figure 5. Comparison o f  t h e  Flows of  
Solar  Radiation Reflected by Cloudiness 

Performed by Means o f  t h e  E' Pyronometer 

and E: Spectrometer.  
P 

t h i s  i s  one o f  the  causes o f  low 
values  o f  c loud albedo, ca l cu la t ed  
i n  work [ 9 ]  according t o  the  d a t a  
o f  measurements from the  Tiros-IV 
s a t e l l i t e .  

S i m i l a r  comparison o f  t h e  
r e s u l t s  o f  measurement o f  t he  
ascending c u r r e n t s ,  ob ta ined  by 
means o f  var ious equipment, are 
i n t e r e s t i n g  from the  po in t  of 
view o f  development o f  co r rec t  
methods o f  the  use o f  r e s u l t s  o f  
pyronometric measurements, ob ta in  
ed dur ing  f l i g h t s  i n  the  las t  
f e w  y e a r s ,  with the eva lua t ions  
o f  t h e  values  o f  s i g n a l s  picked 
up by narrow angle  ins t ruments .  

I n  conclusion we should note  
t h a t  t he  materials given i n  the  
a r t i c l e  may be  used i n  t h e  i n t e r -  
p r e t a t i o n  o f  t he  d a t a  obta ined  
from s a t e l l i t e s .  
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EXPERIMENTAL INVESTIGATION OF LIGHT D I F F U S I O N  BY C L O U D  PARTICLES. 
I .  S I M U L A T I O N  OF WATER DROPLETS 

0 .  I .  Kasatkina 

ABSTRACT. I n  o rde r  t o  inves t iga t e  the l i g h t  d i f fusi .on 
i n d i c a t r i c e s  by the cloud p a r t i c l e s  a method is  proposed 
f o r  s imula t ing  the water d r o p l e t s .  T h e  models represent 
suspensions o f  g l a s s  globules  i n  an immersion f l u i d .  T h e  
o p t i c a l  c h a r a c t e r i s t i c s  of the models have been examined i n  
d e t a i l  and compared w i t h  those of the water d rop le t s .  T h e  
methods f o r  ob ta in ing  these models a r e  examined and the 
poss ib l e  degrees o f  polydisperseness  of the suspensions 
obtained a r e  eva lua ted .  

In  the  e n t i r e  ques t ion  o f  d i f f u s i o n  o f  l i g h t  by small p a r t i c l e s ,  the  most 
d i f f i c u l t  and as y e t  unsolved problem i s  the  determinat ion o f  d i f f u s i o n  i n -  
d i c a t r i c e s ,  t h e  knowledge o f  which i s  e s p e c i a l l y  i n d i s p e n s i b l e  f o r  so lv ing  t h e  
problems of geophysics,  such as the o p t i c a l  phenomena i n  clouds and fogs,  
v i s i b i l i t y  i n  fogs ,  cloud formation k i n e t i c s ,  t r a n s f e r  o f  r a d i a t i o n  i n  the  at-  
mosphere, and e t c .  Fu r the r ,  f o r  the i n t e r p r e t a t i o n  o f  o p t i c a l  measurements 
performed on s a t e l l i t e s ,  i n  p a r t i c u l a r  f o r  determining t h e  upper boundary o f  
t h e  clouds,  d i s t i n c t i o n  between the  clouds o f  var ious  l e v e l s ,  and between 
clouds and snow we should know the  r e g u l a r i t i e s  of  the  behavior  o f  r a d i a t i o n ,  
r e f l e c t e d  and emanated by clouds,  and these  r e g u l a r i t i e s  t o  a g r e a t  ex ten t  are 
determined by t h e  i n d i c a t r i x  o f  d i f f u s i o n  of  l i g h t  by cloud p a r t i c l e s  and the  
atmosphere above the  clouds.  A s  mentioned by us e a r l i e r  [l] i t  doesn ' t  appear 
p o s s i b l e  t o  ob ta in  t h e s e  i n d i c a t r i c e s  by t h e  c a l c u l a t i o n  methods, and the  most 
r a t i o n a l  i s  apparent ly  t h e  experimental  method, which i s  t h e  s u b j e c t  of  t he  
examination i n  ou r  p r e s e n t  work. 

R e  experimental  i n v e s t i g a t i o n  o f  l i g h t  d i f f u s i o n  i n d i c a t r i c e s  by cloud 
p a r t i c l e s  i s  rendered d i f f i c u l t  by the  f a c t  t h a t  under l abora to ry  condi t ions 
i t  i s  not  p o s s i b l e  t o  i s o l a t e  a d rop le t  suspended i n  a i r  during the time r e -  
qu i red  f o r  measurement, o r  t o  ob ta in  a monodispersive system o f  d rop le t s  ( f o g ) ,  
In  t h i s  connection, we decided t o  r e s o r t  t o  a method o f  s imula t ing  the  water  
d rop le t s  with p a r t i c l e s ,  the  o p t i c a l  and geometric c h a r a c t e r i s t i c s  o f  which 
would not  d i f f e r  from those of water d rop le t s .  
t i o n  o f  l i g h t  d i f f u s i o n  by water d rop le t s  i s  broken down i n t o  two: the  s tudy  

Then t h e  problem of inves t iga -  
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of  the  c h a r a c t e r i s t i c s  o f  t he  models and the  measurements o f  d i f f u s i o n  i n -  
d i c a t r i c e s  by the  s imulated water d r o p l e t s .  

Let us examine t h e  f irst  problem i n  more d e t a i l .  

1. SeZection of optieaZ gZasses and f2uid.s. 
g las s  globues suspended i n  a viscous immersion f l u i d .  
g l a s s  and f l u i d  f i r s t  o f  a l l  t h e  main requirement should b e  m e t  m 

i n  t he  0.35-1.0 1-1 reg ion  of t h e  spectrum. The second requirement i s  t h a t  . t h e  
f l u i d  should be s u f f i c i e n t l y  viscous t o  make the  globules  s e t t l e  down during 
a time exceeding the  experiment t ime. 

A s  the  models w e  have used 
In the  s e l e c t i o n  of 

/mf = m g l  W 

Let us make t h e  eva lua t ion  f o r  t he  mean index of  r e f r a c t i o n  of  water 
m = 1.33. I t  i s  obvious,  that i n  o rde r  t o  ob ta in  m / m  = 1.33  we need g l a s s  

with a l a r g e  r e f r a c t i v e  index.  
W g l  f 

From the  o p t i c a l  g l a s s  ca t a log  w e  s e l e c t e d  STFl (% = 2.0360) and TF6 - /199 
(mD = 1.9300).  We do no t  l i m i t  ourse lves  t o  one type o f  g l a s s ,  s i n c e  i n  o rde r  

t o  cover the  e n t i r e  range o f  m f o r  water ,  one g l a s s - f l u i d  p a i r  i s  in su f f i c i en t  x 
Knowing m w e  determine the  s u i t a b l e  f l u i d s :  mfl  = 2.0360/ 1.3300 = 

g l  , 
1.5300, m f 2  = 1.9300/1.3300 = 1.4510. 

In  s e l e c t i n g  the  f l u i d s  wi th  such r e f r a c t i v e  i n d i c e s  i t  i s  necessary t o  
t ake  i n t o  account t he  requirements f o r  v i s c o s i t y .  Let us eva lua te  approxi- 
mately t h e  requi red  v i s c o s i t y  of  t h e  l i q u i d .  

Let us p r e s c r i b e  the  maximum time of  s e t t l i n g  of  t he  p a r t i c l e s  i n  t h e  
f l u i d .  I t  is c l e a r ,  t h a t  t h i s  t i m e  should be  two t o  t h r e e  times g r e a t e r  than 
the  t i m e  requi red  f o r  measuring the i n d i c a t r i x ,  which does not  exceed 10 hrs .  
Let us c a l c u l a t e  t he  requi red  v i s c o s i t y  of  t he  f l u i d ,  us ing  Stokes formula 

where v i s  the  s e t t l i n g  ;ate of  t h e  globule  i n  the  f l u i d  Ccm/sec.), a i s  the  
dens i ty  of  the subs tance  of  t h e  globule  (grams/cm3), a t  i s  the dens i ty  o f  t h e  
f l u i d  (gram/cm3), r i s  the  r a d i u s  o f  t he  sphere  (cm), TI i s  the f l u i d  v i s c o s i t y  
(po i se ) ,  g = 981 cm/sec2, which i s  the  acce le ra t ion  of  g r a v i t y .  

The t ime, during which the  p a r t i c l e  w i l l  leave the  beam o f  l i g h t  t = vs ,  
where s i s  the  width o f  t h e  l i g h t  beam. 

We have: s = 1 . 8  cm and t = 30 hours ,  
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2f (a - J') r2g .-q=---- 
9s- - -  - * 

F1 u i  d s  mD n poises  a t  
20" c 

1,5160 9,9 

1,4570 14,9 

Ir 
Cedar O i  1 

G 1 ycer  i n 

S u b s t i t u t i n g  t h e  numerical  d a t a  t o  formula (2) we ob ta in  f o r  r = 5 1-1 and 
f o r  TF6 g l a s s  n = 15 p o i s e s .  

-_ 
Degree of Trans- 
parency i n  t h e  
V i s i b l e  Region 
o f  t h e  Spectrum 

T Tans pa ren t , 
s l i g h t l y  ye1  l o w  
co 1 o red 
Transparent ,  
co 1 o r  1 ess 

a grams/cm 3 

0,92 

1,26 

Thus, t h e  f l u i d  should possess  a v i s c o s i t y  o f  about 15 po i ses ,  p re fe rab ly  
a t  room temperature .  

I 
----IA- 

From a l a r g e  number o f  e x i s t i n g  immersion f l u i d s  wi th  the  above-mentioned 
r e f r a c t i v e  index we choose g lyce r in  and cedar  o i l .  

__ - _ _  - I - 

I n  Table 1 we g ive  the  p r i n c i p a l  c h a r a c t e r i s t i c s  o f  t hese  f l u i d s .  

2 .  Spectra2 characteris t ics  of the g2asses and f2uid.s se2ected. Among 
the  p r i n c i p a l  s p e c t r a l  c h a r a c t e r i s t i c s  o f  the  o p t i c a l  medium are t h e  curves 

i n t e r e s t e d  and the  s p e c t r a l  d i spe r s ion .  
was measured by us on a SF-4 spectrophotometer (Figure 1 ) .  The t ransmission 
s p e c t r a  o f  both g l a s s e s  i n v e s t i g a t e d  proved s imilar ,  without  n o t i c e a b l e  ab- 
so rp t ion  l i n e s ,  which is a very important f a c t o r  when t h e s e  g l a s ses  are used 
as models f o r  water d r o p l e t s ,  which is  t r anspa ren t  i n  the  v i s i b l e  region o f  
the  spectrum. 

o f  t he  s p e c t r a l  t ransmiss ion  i n  t h e  region o f  t h e  spectrum i n  which w e  are /zoo 
The s p e c t r a l  t ransmission of  g l a s ses  

In  Tables 2 and 3 w e  g ive  the  values  o f  t h e  r e f r a c t i v e  ind ices  o f  g l a s ses  
STFl and TF6 and f l u i d s  (g lyce r in  and cedar  o i l )  i n  r e l a t i o n  t o  the wavelength 
and a l s o  t h e  r e l a t i v e  i n d i c e s  of  r e f r a c t i o n  o f  STFl g l a s s  i n  the cedar o i l  
(model I )  and TF6 i n  g lyce r in  (model 11). 
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.- 
A mp 

460 
500 
560 
GO0 
660 
700 
760 
800 
860 
900 
940 

in - in  F c  

1,4664 
1,4641 
1 ,4616 
1 ,4600 
1,4580 
1 ,4567 
1,3552 

1,4532 

1,4520 
1,4514 
1,4510 

1 ,4544 

1 ,4527 

Figure 1 .  Curve o f  Spect ra l  Transmission of STFl  ( I )  
and TF6  (2) Glasses .  

1,3810 
1,3625 
1,3444 
1 ,3370 
1,3280 
1 ,3250 
1,3210 

1,3164 

1,3134 
1,3125 
1,3122 

1 ,Bl80 

1 ,3118 

- 
STF 1 

. 

2,094 
2,070 
2,045 
2,033 
2,019 
2,012 
2,004 
2,000 
1,995 
1,992 
1,989 

0,0580 

T A B L E  2 

Cedar O i  1 

1,3723 
1 ,3600 

1,3415 
1,3346 
1,3311 
1,3271 
1 ,3254 
1 ,3233 

1,3207 

0,0103 

1,3474 

1 ,3220 

T r .  Note: 

- 

Mode 

1 I 5258 
1,5220 
1,5176 
1,5154 

1,5115 
1,5100 
1 ,5089 
1 ,5076 
1,5068 
1 ,5060 

1,5120 

I 
.. . 

A mu 

360 
400 
460 
500 
560 
GOO 
660 
700 
760 
800 
860 
900 
940 

1000 

mF - mc 

T F 6  

2,025 
1,995 
1,965 
1,952 
1,936 
1,930 

1,917 

1,907 
1,905 
1,904 
1,903 

0,0343 

1,921 

1,912 
1,910 

0,005 - I -  
Commas i n d i c a t e  decimal po in t s .  

Curves i n  Figure 2 r ep resen t  t he  curves of  d i spe r s ion  of water (1) o f  
Model I ( 2 )  and Model I1 ( 3 ) .  From t h e  ana lys i s  o f  t he  curves we can s e e ,  that 
t he  e n t i r e  range o f  measurement of  water  i n  t h e  v i s i b l e  s e c t o r  of  the  spectrum 
may be  performed wi th  Model I u s ing  the  440-592 reg ion  of t he  spectrum, and 
with model I1 i n  t he  544-800 reg ion .  As we can s e e ,  t he  presence o f  two models 
enables  us t o  ca r ry  out  measurements f o r  s e v e r a l  monochromatic s e c t o r s  o f  
wavelengths, i . e . ,  t o  ca r ry  ou t  a s p e c t r a l  i n v e s t i g a t i o n  of the  l i g h t  d i f -  
fu s ion  by water  d r o p l e t s ,  which is  o f  an undoubted s c i e n t i f i c  i n t e r e s t .  

/ 201  __- 

3 .  
suspensions. 
method appl ied  a t  t h e  Chair  o f  Co l lo ida l  Chemistry a t  t h e  Leningrad S t a t e  

O n  preparation of the glass ba l l s  and s i z ing  them, preparation o f  
In  o r d e r  t o  o b t a i n  s p h e r i c a l  g l a s s  p a r t i c l e s  w e  are us ing  t h e  
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Univers i ty .  
m i l l  the  g l a s s  i s  reduced t o  a powder. 
s epa ra t ed  i n t o  f r a c t i o n s  by means o f  s t anda rd  sieves.  
s i b l e  t o  s e p a r a t e  t h e  fol lowing f r a c t i o n s :  3-30, 31-53, 54-60, 61-75, 76-90, 
91-100, 100-120 1-1. From t h i s  powder t h e  g lobules  are obta ined  by fus ing  t h e  
fragments i n  t h e  flame o f  an ace ty lene  burner .  

The diagram o f  the  i n s t a l l a t i o n  i s  given i n  Figure 3. I n  a g l a s s  
Thereupon t h i s  powder i s  p r e l i m i n a r i l y  

The l a t t e r  make it pos- 

The output  of t h e  i n s t a l l a t i o n  i s  determined by the  fol lowing f i g u r e s :  
50 grams o f  powder pas s  through the  flame during 40 minutes,  t h e  y i e l d  i s  40%; 
95% o f  a l l  t h e  p a r t i c l e s  fused are spheres .  

A,; in, I &- 
~ 

The f i n a l  s epa ra t ion  o f  the 
g lobules  i n t o  s u f f i c i e n t l y  f i n e  frac- 
t i o n s  is  performed by s e t t i n g  down 
t h e  g lobules  i n  a column of  f l u i d .  
For  t h i s  purpose the  s t a t e  Geophysical 
I n s t i t u t e  Frac t iometer  i s  used which 
c o n s i s t s  o f  a g l a s s  c y l i n d r i c a l  ves se l  

. .  

-1 150 c m  h igh  and 10 cm i n  diameter .  
\ z  Below t h e  ves se l  t u rns  i n t o  a rubber  

tube  wi th  s e v e r a l  clamps. By opening 
t h e  clamps, a t  t h e  r equ i r ed  per iods  of  

- - 3  t ime,  from the  beginning of  s e t t l i n g  

I n  Table 4 w e  g ive  c e r t a i n  c a l -  F i g u r e  3. Diagram of t h e  Apparatus 
f o r  Production of Steel Globules. c u l a t i o n  d a t a  according t o  which w e  

can judge t h e  p o s s i b l e  degree of mono- 
d ispersness  o f  t h e  specimen obta ined .  
The c a l c u l a t i o n s  were performed f o r  

t h r e e  f l u i d s  of  d i f f e r e n t  v i s c o s i t y  and f o r  t h r e e  regions of  dimensions o f  the  
globules  wi th  r e l a t i v e  devia t ions  A r / r  

For t he  extreme s i z e s  o f  each of  the  ranges of s i z e s  examined according 
t o  formula (2) w e  ca l cu la t ed  the  s e t t l i n g  time o f  the globules  i n  the  150 c m  
column of l i q u i d .  
t he  given f r a c t i o n  of  t h e  globules  wi th  the  p re sc r ibed  width Ar/r w i l l  be  

(10% and 3%).  
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The i r  d i f f e r e n c e ,  n a t u r a l l y  y i e l d s  the t i m e  dur ing which 



rl-I 

5 

50 

100 

5 

50 

100 

t 
At 

t 
At 

t 
At 

t 
A t  

t 
At 

t 
At 

TABLE 4 

= 0.3 

Water 

po i  ses I po ises  

1.35 h r. 
13 min 

48 sec 
8 sec 

12.1 sec. 
2.1 sec. 

i,35 h r. 
5 Imrn. 

48 sec. 
3 sec.  

12,i sec .  
0,4 sec.  

.- - 

4 hr .  
30mi n 

24 min 
4 mlin 

6 mlin. 
min. 

4 h y .  
1 0  min. 

24 m i n .  
2 min. 
5 min. 
15 sec. 

G 1 yce r i n 
rl = 8.3 
po ises  

1000 hr .  
200 h r .  
110 hr .  
18 h r .  
28 h r .  

4*7 h r .  

- 
- 
- - 

28 h r .  
1 h r .  

T r .  Note: Commas i n d i c a t e  Jecimal p o i n t s .  
As we can see from Table 4 ,  the 5 4 . 5  p fracti :on is  conyenient ly  s e p a r a t -  

ed when the  globules  are s e t t l e d  down i n  water o r  l i n seed  o i l ,  s i n c e  the  time 
requi red  f o r  i t  i s  s u f f i c i e n t l y  l a r g e  s o  t h a t  i t  would be  poss ib l e  t o  measure 
i t  and s u f f i c i e n t l y  small  from the  p o i n t  o f  view of  the  length of the  exper i -  
ment performed. Glycerin proved too viscous f o r  t h i s  purpose,  s i n c e  i t  r e -  
q u i r e s  too much time, although f o r  small Ar/r i t  poss ib ly  w i l l  prove s u i t a b l e .  

For the  average values  of the  b a l l s  (50 p) and l a rge  values  (100 11) t h e  
most s u i t a b l e  i s  l i n seed  o i l .  

The t a b l e  da t a  i n d i c a t e  a l s o  t h a t  i n  t h i s  way we can sepa ra t e  very narrow 
f r a c t i o n s  w i t h  Ar/r = 3 % .  

In  o rde r  t o  avoid e r r o r s ,  connected wi th  convective cur ren ts  i n  the  f lu id ,  
through impar t ing  o f  var ious  i n i t i a l  v e l o c i t i e s  through the  p a r t i c l e s  , e t c .  , 
we should perform .the above-mentioned process  of  sedimentat ion s e v e r a l  t imes , 
consecut ively narrowing down t h e  f r a c t i o n s .  

Let us perform a c e r t a i n  approximate eva lua t ion  of  t he  amount o f  pa r t i c l e s  
i n  the  given range of  s i z e s  , which may be obta ined  from the  given q u a n t i t y  of  
po lyd i spe r s ive  powder. 

L e t  us assume t h a t  t h e  d i s t r i b u t i o n  o f  globules  i n  t h e  sample i s  s u b j e c t  
t o  the  y d i s t r i b u t i o n  l a w  o f  the  type :  
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The' parameter A is  determined from the  condi t ions  o f  s t anda rd iza t ion  [4] : 

where N i s  the  number of  p a r t i c l e s  i n  1 c m 3 .  

Hence 

and 

/ 2 0 3  

Ns3 f (r) = r2e-P'. (4) 

Let us p r e s c r i b e  t o  ourse lves  a c e r t a i n  mass o f  t h e  e n t i r e  sample M, i . e . ,  
m 

,where 0 i s  the  s p e c i f i c  g r a v i t y  of  t h e  subs tance  of the g lobules .  

We no te  t h a t  

men' a f t e r  s i m p l i f i c a t i o n  

= M  240 No 
__. ~ 

B3 

and f i n a l l y  

NE-- - - -  N83 
2 4 0 ~  ' 

Let us make t h e  ca l cu la t ions  f o r  the  t h r e e  d i s t r i b u t i o n s ,  cha rac t e r i zed  
by value r (from 141 rm = 2 / @ ) ,  f o r  M = 200 grams. m 

L e t  us now d e t e r s i n e  f o r  each d i s t r i b u t i o n  taken the  number of p a r t i c l e s  
Let us  p r e s c r i b e  t h e  r e l a t i v e  width dN, which a r e  i n  t h e  r ? d r  s i z e  range. 

of t h e  Ar/r range,  equal  t o  l o % ,  
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100 
50 
25 

r2 R 
r -  .-- /3 ’ 

measurement c e l l  [SI, 
200 1.106 
400 8.106 
800 6.4.107 The number o f  p a r t i c l e s  i n  the  d i f f u s i o n  

where R i s  the  maximum dimension of t he  d i f f u s i o n  volume, r i s  the  rad ius  of  
the  p a r t i c l e ,  2 is  t h e  d i s t ance  between t h e  p a r t i c l e s .  

20 
50 

100 
200 
400 

r 

2;o 
5 ,o  

10,o 
20,o 
40,O 

A? 

5 I 0 , 5  
10 1 .o 

TABLE 6 

r,=l00 1 ~ -  

N = lo6 

-__ 

45 
320 
2.103 
2.104 

6,4.104 
5,6.104 
5 , l .  104 

When T << 1 the  mul t ip l e  /204 ___- 
d i f fus ion  may be not taken i n t o  
account.  Let us p r e s c r i b e  t o  
ourse lves  the  value T = 0 .01 .  
If we Drescr ibe the  cub ic l e  

d N  

r,=50 1-1 I r m =  25 11 
- -  N=6,4 .107  shape of t h e  d i f f u s i n g  volume, 

~ then t h e  number of D a r t i c l e s  
N=8.10 

2,6*103 
1.7.104 
9:2.104 
414.105 
4,0.10,5 
8.0.104 

I 

r) in; i n  t he  volume i s  1 , b .  L V >  

7,4-105 
2,6.106 
2,4.106 
6,6.105 

1,4.10-3 
1 , 0 ,103 

T r .  Note: Commas i n d i c a t e  decimal p o i n t s .  
I n  Table 7 we g ive  the  values  o f  N ,  c a l cu la t ed  wi th  formula (9) f o r  v a r i -  

ous p a r t i c l e  s i z e s  and f o r  R = 1 . 8  cm. 

From the  comparison of  
Table 6 and 7 w e  can s e e  t h a t  
from one sample o f  powder rough- 

TABLE 7 

r p  . . . . .  5 6 10 50 100 l y  s epa ra t ed  i n t o  f r a c t i o n s  
N .  . . . . . . . 8,9.104 7.2.104 3.7.104 910 220 (M = 200 grams) w e  can ob ta in  

s u f f i c i e n t  amount of  p a r t i c l e s  
i n  any range o f  s i z e s .  

As i nd ica t ed  by the  eva lua t ions  given above, i t  i s  p r a c t i c a l l y  p o s s i b l e  
t o  ob ta in  models of  t h e  system o f  cloud p a r t i c l e s  o f  any degree o f  po lydis -  
perseness  up t o  Ar/s, equal  t o  1 - 2 % ;  t h i s  i s  only  a problem o f  t i m e .  
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I n  conclusion,  we may s a y ,  t h a t  t h e  s imula t ion  method i s  n o t  at  a l l  
l i m i t e d  t o  s p h e r i c a l  p a r t i c l e s ,  and i n  t h i s  probably,  l i e s  i t s  p r i n c i p a l  
advantage. 
and consis tency,  w e  may model any par t ic les  encountered i n  t h e  atmosphere, 
f o r  which no o t h e r  methods e x i s t  f o r  i n v e s t i g a t i n g  t h e i r  d i f f u s i n g  p r o p e r t i e s .  
I n  p a r t i c u l a r ,  t h e  suspension of c r y s t a l s  o f  a subs tance  isomorphic t o  i ce  i n  
a s u i t a b l e  f l u i d  w i l l  s imu la t e  well t h e  p a r t i c l e s  i n  i c y  clouds,  t h i s  i s  a 
s u b j e c t  f o r  a speci 'al  examination. 

Indeed, by p l ac ing  i n t o  t h e  f l u i d  p a r t i c l e s  o f  d i f f e r e n t  shapes 
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EXPERIMENTAL I N V E S T I G A T I O N  OF D I F F U S I O N  OF L I G H T  BY CLOUD P A R T I C L E S .  
I I .  MEASUREMENT OF I N D I C A T R I C E S  OF D I F F U S I O N  OF L I G H T  BY WATER DROPLET MODELS 

0 .  I .  Kasatkina 

ABSTRACT: T h e  i n d i c a t r i c e s  o f  l i g h t  d i f fus ion  by m o d e l s  o f  
cloud p a r t i c l e s  s h o u l d  b e  measured i n  a w i d e  range of angles 
of  d i f fus ion  w i t h  h i g h  ang le  r e so lu t ion .  A desc r ip t ion  is 
made of  t h e  nephalometric apparatus  making i t  p o s s i b l e  t o  
measure t h e  i n d i c a t r i c e s  of 1 i gh t  d i f fus ion  by t h e  quas i -  
monodispersive suspension ( t h e  suspension of g l a s s  globules  
i n  a f l u i d )  w i t h i n  a s u f f i c i e n t l y  small spread of p a r t i c l e s  
w i t h  respect t o  s i z e  Ar w i t h  h i g h  accuracy. T h e  poss ib l e  
e r r o r s  and t h e  ways t o  decrease t h e m  a r e  examined. 

L e t  us formulate  the  demands, which should be  met by the  measurement ap- /205 
p a r a t u s ,  enabl ing us t o  measure t h e  i n d i c a t r i c e s  o f  d i f f u s i o n  o f  quasimono- 
d ispersed  suspension (suspension o f  g l a s s  globules  i n  a f l u i d )  11) with  any 
s u f f i c i e n t l y  small d i spe r s ion  o f  p a r t i c l e s  with r e spec t  t o  s i z e  A r  wi th  a high 
accuracy. 

1. The apparatus  should have enough l i g h t  power, because the d i f f u s i v e  
capac i ty  o f  small  p a r t i c l e s  i s  low ( K  
90". 

z r 6 ) ,  e s p e c i a l l y  a t  angles c lose  t o  r 

2 .  The p a r t i c l e s  d i f f u s i n g  t h e  l i g h t  should be  i l l umina ted  by a p a r a l l e l  
beam o f  l i g h t  wi th  a small angle  o f  divergence 6 ,  s o  t h a t  the  averaging o f  t h e  
i n d i c a t r i c e s  wi th  r e spec t  t o  p a r t i c l e  s i z e  would no t  be confused with averag- 
i n g  wi th  r e spec t  t o  t h e  angle .  
t he  permiss ib le  angle  6 may b e  p re sc r ibed  wi th  t h e  va lue  o f  0.2",  then the  
change i n  t h e  i n t e n s i t y  of t h e  l i g h t  d i f fused  by t h e  p a r t i c l e s ,  caused by such 
nonpara l l e l  s t a t e  o f  t h e  i l l umina t ing  beam, does n o t  exceed 10%. 

For p a r t i c l e s  i n  the  s i z e  region o f  2-100 1-1 

3 .  Inasmuch as t h e  i n d i c a t r i c e s  of d i f f u s i o n  o f  l i g h t  by the  d r o p l e t s  
o f  t he  s i z e  range examined have a sha rp ly  expressed o s c i l l a t i n g  cha rac t e r ,  t he  
measuring apparatus  should have a high angular  r e s o l u t i o n  of  n o t  less than  
0 .2" .  
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4. From t h e  requirements f o r  a h igh  r e s o l u t i o n  i s s u e s  the  requirement 
f o r  continuous recording o f  t h e  d i f fused  l i g h t ,  i . e . ,  t h e  recording p a r t  o f  
t h e  apparatus should have a t  i t s  output  an ins t rument  cont inuously record ing  
the  s i g n a l .  

5 .  Inasmuch as t h e  degree of po lydispersness  o f  t he  system of d i f f u s i n g  
p a r t i c l e s  Op depends on both  Ar, and A x  , t h e r e  should b e  a h igh  monochromat- 
i z a t i o n  of t h e  l i g h t ,  des i r ab ly  i n  s e v e r a l  bands o f  t h e  spectrum. 

6.  Considering a l l  t h e  s t r u c t u r e  o f  t h e  problem posed, which i n t e r e s t  
us, t h e r e  i s  a necessary  condi t ion o f  t h e  smallness  o f  t h e  d i f f u s i n g  volume 
wi th  a l i n e a r  dimension o f  d i n  comparison wi th  t h e  d i s t ance  t o  t h e  r e c e i v e r  
R .  For a 5% accuracy of t he  measurements, t h i s  condi t ion  i s  determined by 
t h e  r a t i o  R/d - > 40. 

7 .  The i n d i c a t r i c e s  should be  measured i n  a wide band o f  d i f f u s i o n  
angles .  

8. The mul t ip l e  d i f f u s i o n  of  l i g h t  on the  p a r t i c l e s  should be excluded 
as much as p o s s i b l e .  

In  the  p r e s e n t  work we desc r ibe  the  p h o t o - e l e c t r i c  nephalometric appara- 
t u s  developed a t  t h e  GGO, s a t i s f y i n g  a l l  t he  requirements  enumerated. 
s i m p l i f i e d  diagram o f  t h e  apparatus  presented  i n  Figure 1, has  been worked out  /206 
by us on the  b a s i s  o f  t h e  instrument  of  P l a z a  e t  a2 [ 2 ] .  

The 

'4\ 

Figure 1 .  1 , Pho to -e l ec t r i c  
C e l l ;  2 ,  Capaci tor ;  3, EPPV-60; 4 ,  Beam; 5 ,  Motor; 6 ,  Photomul t ip l ie r ;  7 ,  
lens;  8, Neutral L i g h t  F i l t e r s ;  9 ,  L i g h t  Trap; 10, Disc; 1 1 ,  Motor; 12,  Gear 
Box; 13, Worm Gears; 14 ,  Worm Wheel Gear; 15, Absolutely Black Body; 16, 
Poloro id ;  17, Light F i l t e r ;  18, Lens. 

Simp1 i f i e d  Diagram of  t h e  Measuring Apparatus.  
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The i l l u m i n a t o r  cons i s t ing  of  a source o f  l i g h t  0 (mercury lamp SVDSh- 
l o o ) ,  capac i to r  Ll ( f  = 30 mm, d = 11 m m ) ,  and the  o b j e c t i v e  achromatic l ens  

L ( f  = 220 mm, d = 20 mm), c r e a t e s  a p a r a l l e l  beam o f  l i g h t  with a divergence 

angle 6 = 0 . l o .  

Diaphragm D forms a beam o f  rec tangular  s e c t i o n  8 x 18 mm2. Leaving the  ob- 

j e c t i v e  l ens  the  p a r a l l e l  l i g h t  beam formed passes  through l i g h t  f i l t e r s ,  
which admit the  s 2 e c t r a l  l i n e s  of  mercury: 0.365; 0.405;0.436; 0.546; 0.578 p .  
The width of  every s p e c t r a l  l i n e  ind ica t ed  does no t  exceed 0.01 1-1 and A h / X  

2 % .  In  addi t ion  t o  these  l i n e s  i n  t h e  v i s i b l e  reg ion  of the  spectrum w e  use 
two l i n e s  i n  t h e  n e a r  i n f r a r e d  reg ion:  1.014 and 1.129 1-1. To sepa ra t e  them 
we use the  combinations of  f i l t e r s :  ZS-6 with  FS-7 and ZS-6 with IKS-2 r e s -  
p e c t i v e l y .  The width of  the  l i n e s  he re  i s  considerably g r e a t e r  (0 .3 11) and 
Ah/X 20%.  Af t e r  pass ing  through the  specimen i n v e s t i g a t e d  the d i r e c t  l i g h t  
en te r s  a l i g h t  t r a p  with a r e f l e c t i o n  r = 0.007%. The l i g h t  d i f fused  by the  
specimen i s  co l l ec t ed  by means of t he  achromatic o b j e c t i v e  l ens  L ( f  = 220 mm, 

d = 20 mm) i n  the  p lane  of  t h e  diaphragm D 

pho tomul t ip l i e r ,  and i s  measured by the l a t t e r  aga ins t  the  background o f  a 
black body, the  degree o f  blackness  o f  which T-I = 0.999.  The diameter of the 
diaphragm determines the  angle  of  divergence of t h e  d i f fused  l i g h t  beam, which 
with d = 1 . 5  mm amounts t o  0 . 2 " .  The l i g h t  d i f fused  i n  any o t h e r  d i r e c t i o n  

6 5 6 ? 0.2 '  does not  e n t e r  the  r e c e i v e r  and w i l l  n o t  be recorded,  i . e . ,  i n  

t h i s  way we determine t h e  h igh  angular  r e s o l u t i o n  of  t h e  appara tus .  

2 
Determined by the  s i z e  o f  t h e  diaphragm D2(d = 0 .1  mm) . 

3 

3 
placed  d i r e c t l y  i n  f r o n t  of t he  2 

0 

The rece iv ing  device ( l e n s ,  diaphragm, and pho tomul t ip l i e r  ,) a r e  r i g i d l y  
connected on one end o f  a general  i r o n  rod,  on the  o t h e r  end of which t h e  
b lack  body i s  f ixed .  The rod,  connected t o  the  goniometric d i sk ,  r o t a t e s  ab0&/207 
the  ax i s  passing through the  cen te r  of t he  specimen examined. The d isk  i s  
put  i n t o  motion by means of  a worm gear  p a i r  through a synchronous motor SD-54 
wi th  t h e  reducing gea r .  The factory-made reducing gear  from the  IKS-12 s p e c t -  
rometer s e t ,  used by us ,  provides  e i g h t  r o t a t i o n  speeds,  and i n  ou r  case one 
revolu t ion  of  the  reducing gear  rod corresponds t o  t h r e e  degrees of  the  d i s k .  
For e i g h t  s t ages  of  t h e  reducing gears  we have the  fol lowing scanning speeds : 

, 
2 3 4 5 6 7  8 Number o f  t h e  Stage , . . 1 

S p e e d ,  d e g r e e s / m i n .  . .O ,OS5 0.17 0.34 0,GS 1,36 2.72 5.46 10.92 

The ou t s ide  dimensions of  a l l  the  p a r t s  of the  apparatus  a re  s e l e c t e d  i n  
such a way t h a t  i t  would be  p o s s i b l e  t o  measure t h e  d i f f u s i o n  i n d i c a t r i c e s  i n  
a wide band of  angles  of  d i f f u s i o n  (8'-172O), and a l s o  i n  o rde r  t o  ca r ry  o u t  
t h e  condi t ion of  t he  smallness  of t he  volume producing the  d i f f u s i o n .  The 
double c y l i n d r i c a l  c e l l ,  used by us f o r  t h e  measurements, has been descr ibed  
by us e a r i i e r  i n  work [ 3 ] .  
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Figure 2 .  E l e c t r i c a l  Measuring C i r c u i t  
Diagram of t h e  Apparatus. 1 ,  Photo- 
e l e c t r i c  C e l l ;  2 ,  Mercury Lamp; 3,  
Cell ; 4 ,  Photomul t i p 1  i e r ;  5 ,  Motor; 
6 ,  Capaci t o r .  

For a continuous re- 
cording o f  t h e  i n d i c a t r i x  a t  
t h e  output  o f  t he  apparatus  
t h e r e  i s  an e l e c t r o n i c  auto-  
mati c a l  l y  record ing  EPPV-60 
potent iometer  which enables  
us  t o  record  the  s i g n a l  
d i r e c t l y  from the  photo- 
e l e c t r i c  m u l t i p l i e r ,  wi thout  
pre l iminary  ampl i f i ca t ion .  

The recording i s  made 
by an ink pen, t h e  t ime con- 
s t a n t  o f  t h e  apparatus  i s  
8 s e c .  i n  t he  e n t i r e  s c a l e ,  
which wi th  the  scanning 
speeds s e l e c t e d  provides  f o r  
record ing  of t h e  i n d i c a t i c e s  
with the  requi red  angular  
r e s o l u t i o n .  The e l e c t r i c a l  
measuring system of the  ap- 
pa ra tus  i s  p resen ted  i n  
Figure 2 .  To exclude the  
f l u c t u a t i o n s  of t h e  l i g h t  
f low from t h e  mercury lamp 
we use an attachment t o  the  

poten t iometer  prev ious ly  descr ibed by us i n  work 141, which has been somewhat 
improved a t  t h e  p re sen t  t i m e .  

The essence of t h i s  device c o n s i s t s  o f  the f a c t  t h a t  t h e  poten t iometer  
records the  r a t i o  between the  measurement l i g h t  f low and a c e r t a i n  i n i t i a l  
l i g h t  flow dependent upon the  t o t a l  l i g h t  f l u x  o f  t he  lamp. This  i s  a t t a i n e d  
by the  f a c t  t h a t  t he  f eed  t o  the  rheochord o f  t he  poten t iometer  i s  formed by 
a vol tage ,  p ropor t iona l  t o  the i l luminance of  t he  compensation p h o t o - e l e c t r i c  
c e l l .  This vo l tage  i s  read  o f f  t h e  p o i n t s  A and B i n  the  ca thodic  r e p e a t e r  
c i r c u i t ,  i n t o  t h e  c i r c u i t  o f  the  g r i d  o f  which t h e  p h o t o - e l e c t r i c  c e l l  i s  con- 
nec ted .  

The t e s t  o f  the  compensation c i r c u i t  y i e l d e d  good r e s u l t s  : t h e  devia t ions  
of the s i g n a l  on the  diagram tape with s u b s t a n t i a l  f l u c t u a t i o n s  of t h e  l i g h t  
f l u x  of  t he  lamp (up t o  50%) do no t  exceed 1-3 mm, which amounts t o  1-2% i n  
the  middle of t h e  s c a l e .  To decode t h e  records on the  potent iometer  t ape  t h e  
angles a r e  marked every 3" and 0.6" .  The accuracy o f  reading of  the  angles 
on t h e  diagram amounts t o  no t  l e s s  than 0.01'. 

To maintain an approximately cons tan t  measurement accuracy i n  recording 

Inasmuch as the  
the  d i f f u s i o n  i n d i c a t r i c e s  i t  i s  necessary t o  have a l i t t l e  changing l e v e l  of 
i l l umina t ion  of  t h e  p h o t o - e l e c t r i c  m u l t i p l i e r  photocathode, 
drops i n  t h e  i n t e n s i t y  of l i g h t  d i f fused  by the  s p h e r i c a l  p a r t i c l e s  o f  t h e  
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s i z e  range examined a t  d i f f e r e n t  angles  reach 103-104 times, w e  use a s p e c i a l  
device f o r  t he  automatic  i n t r o d u c t i o n  of c a l i b r a t e d  n e u t r a l  l i g h t  f i l t e r s  i n t o  
t h e  d i f fused  beam [ S I .  

I n  o r d e r  t o  select  t h e  most e f f i c i e n t  l i g h t  r e c e i v e r  and eva lua te  the  
p o s s i b l e  e r r o r s  i n  measurments , we performed an approximate energy c a l c u l a t i o n  
o f  the  appara tus .  For t h i s  purpose w e  have ca l cu la t ed  f o r  seven s p e c t r a l  
bands and two p a r t i c l e  s izes  t h e  fol lowing (minimum) va lues :  s p e c t r a l  dens i ty  
of  the luminous f l u x  o f  t he  i n c i d e n t  beam J dens i ty  o f  the luminous f l u x  

0 ’  
J d i f fused  by one p a r t i c l e ,  dens i ty  o f  t h e  luminous f l u x  Jz , d i f fused  by 

P’ 2) c 
p a r t i c l e s  l oca t ed  i n  t h e  d i f f u s i n g  volume [ l ] ,  the  f l u x  o f  d i f fused  r a d i a t i o n  

O t ,  f a l l i n g  on the  pho tomul t ip l i e r ;  t hese  values  are given i n  Table  1. 

TABLE 1 

Inasmuch as t h e r e  i s  no d a t a  i n  the  l i t e r a t u r e  on t h e  s p e c t r a l  d i s t r i b u -  
t i o n  of r a d i a t i o n  energy of t he  SVDSh-type mercury lamps i n  t h e  c a l c u l a t i o n s  
we used a s imilar  d i s t r i b u t i o n  of t he  u l t r a v i o l e t  normal (high p res su re  c a p i l -  
l a r y  type mercury lamp), the  l i g h t  c h a r a c t e r i s t i c s  o f  which were c lose  t o  those  
of  the SVDSh-100 lamp [ 6 ] .  

In  Table 2 w e  g ive  the  c a l c u l a t i o n s  o f  the s i z e  of  cu r ren t  I produced on 
the  pho tomul t ip l i e r ,  t he  values  o f  t he  r a t i o  between t h e  vol tage  of  t he  s igna l  
and the  vol tage  of t he  no i se  4 and the  va lue  o f  t h e  th re sho ld  s e n s i t i v i t y  

f o r  two types o f  photomul t ip l ’ ie rs :  FEU-22 and FEU-17. 
s p e c t r a l  s e n s i t i v i t y  y o f  the  pho tomul t ip l i e r s  from work [7] .  

n 
We borrowed t h e  energy 

x 
As we can s e e  from t h e  eva lua t ions  performed by us, i n  gene ra l , (w i th  the  

except ion of  X = 1.129 u )  t h e  f luxes  measured exceed very much the  th re sho ld  
f luxes  f o r  both types o f  t h e  FEU ( p h o t o e l e c t r i c  m u l t i p l i e r s )  and the  value of 
t h e  r a t i o  between the  s i g n a l  and no i se  i s  very h igh ,  e s p e c i a l l y  f o r  FEU-17, 
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The poten t iometer  used by us  has  the  fol lowing measurement l i m i t s  wi th  r e spec t  
t o  cu r ren t :  

0,365 
0,405 
0,436 
0,546 
0,577 
1,014 
1,129 

I Channel 0-4*10-!0 amps wi th  R = 1,000 megohms, i n  

i n  I1 Channel 0-2.6-10-9amps with R = 150 megohms, 

I11 Channel 0-2.6-10-8 amps with R = 15 megohms, i n  

I V  Channel 0-4-10-7 amps with R = 1 megohm. i n  

1,80 
1 ,oo 
0,70 
0,85 
1 ,oo 
0,72 
0,25 

TABLE 2 
~. ~ 

I I I 

0,365 90,o 
0,405 82,O 
0,436 83,O 
0,546 60,O 
0.577 50.0 

I h  
m i l l i -  

amps/wa t 

1,5-10-5 7,O. 10-7 
0,6.10-5 2,6.10-7 
1 ,o. 10-5 4,5.10-7 
1 ,o. lo-: 4,3.10-7 
0.6.10-5 3.0.10-7 

r = 6  
:S 

FEU 
3,2 10-7 
0,7- 10-7 

1,3.10-7 
1,3.10-7 
0,4.10-7 
5,O. 10-9 

0 ,s .  10-7 

FEU 

-22 
1,4*10-8 
3,2- 10-9 
3,9.10-9 
6,1.10-9 
6,O. 10-9 

2,5.10-10 
1,9.10+ 

--17 

I I 

. -  

170 
73 
80 

100 
100 
50 
8 

1500 
770 

1000 
1000 
860 
- 

Tr. Note: Commas i n d i c a t e  decimal po in t s .  

We can s e e  t h a t  t h e  cu r ren t  produced a t  t he  p h o t o - e l e c t r i c  m u l t i p l i e r  f o r  
a l l  t he  ranges of t h e  spectrum may be  measured by the  poten t iometer  wi th  the  
s p e c i f i c a t i o n  accuracy o f  1% ( f o r  t h e  e n t i r e  s c a l e  of t he  ins t rument ) .  

Inasmuch as t h e  f l u i d  f i l l i n g  t h e  c e l l  a l s o  possesses  a c e r t a i n  d i f f u s i n g  
proper ty ,  t he  measurements a r e  performed twice: 
o f  t he  l i g h t  d i f f u s i o n  by the  f l u i d ,  and then by the  f l u i d  wi th  t h e  suspended 
b a l l s ;  t h e  r e s u l t  i s  obta ined  a f t e r  s u b t r a c t i o n  of  the  f irst  i n d i c a t r i x  from 
the  second. The double cyl’indrical  c e l l  used by us enables  us t o  rep lace  the  
o b j e c t  of i n v e s t i g a t i o n  very r ap id ly  and convenient ly:  i n t o  the  l a rge  c e l l  we 
p l ace  a small c e l l  f i l l e d  i n  one case by a pure immersion f l u i d ,  and i n  the 
o the r  case by a f l u i d  wi th  a suspension of  t he  spheres .  

f irst  w e  record  the  i n d i c a t r i x  

The t e s t i n g  recordings performed showed t h a t  t h e  cu r ren t s  produced i n  t h e  
pho tomul t ip l i e r  when t h e  ind ic .a t r ices  of  d i f f u s i o n  by the  pure f l u i d  a r e  r e -  
corded, a l s o  l i e  wi th in  the  l i m i t s  o f  the  p o s s i b i l i t i e s  o f  t h e  poten t iometer .  
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Let us eva lua te  t h e  p o s s i b l e  e r r o r s  o f  t he  measurement apparatus  and 
enumerate the  measures taken f o r  decreasing them. 

a. In  o rde r  t o  decrease t h e  e r r o r s  connected wi th  t h e  use  of the  photo- 
m u l t i p l i e r ,  we have thoroughly s e l e c t e d  a p h o t o e l e c t r i c  m u l t i p l i e r  w i th  t h e  
minimum dark c u r r e n t ,  wi th  h igh  s e n s i t i v i t y ,  and s t a b i l i t y .  To feed  t h e  FEU 
we used the  s t a b i l i z e d  VS-9 r e c t i f i e r ,  wi th a s t a b i l i z a t i o n  accuracy of t h e  
output  vo l tage  of  _+0.5%. The cons tan t  i l l umina t ion  l e v e l  o f  t h e  FEU cathode 
provides  a h igh  l i n e a r i t y  o f  t h e  o u t l e t  cu r ren t  (up t o  1 % ) ,  and a r e l a t i v e l y  
l a rge  l i g h t  s p o t ,  p r o j e c t e d  onto t h e  cathode (4.5 mm i n  diameter) , excludes 
t h e  in f luence  o f  nonuniform s e n s i t i v i t y  o f  t he  p h o t o - e l e c t r i c  cathode with 
respec t  t o  the  a r e a .  Moreover, be fo re  the  measurements t he  p h o t o - e l e c t r i c  
m u l t i p l i e r  and t h e  poten t iometer  a r e  hea ted  through f o r  1-2 hours ,  u n t i l  t h e  
recording of  any cons tan t  s i g n a l  becomes s u f f i c i e n t l y  s t a b l e .  

b .  The compensation c i r c u i t  excludes t h e  effect  o f  n o n s t a b i l i t y  o f  t h e  
l i g h t  f l u x  o f  the  mercury lamp wi th  an accuracy o f  up t o  1 - 2 % .  

c .  The o p t i c a l  p a r t  o f  t he  apparatus  i s  thoroughly ad jus t ed ,  t he  i n i t i a l  
rading angle (6 = 0 ' )  i s - s t r i c t l y  f i x e d ,  when the  d i r e c t  beam f a l l s  immediately 
on t h e  p h o t o - e l e c t r i c  m u l t i p l i e r .  
d i f f u s i o n  according t o  the  makrs  on the  tape  during the  r evo lu t ion  of  t he  
p h o t o - e l e c t r i c  m u l t i p l i e r  i n  one d i r e c t i o n  i s  s u f f i c i e n t l y  h igh .  ( 0 . 0 1 " ) ,  and 
the  checking of the  angle o f  r e s o l u t i o n  y i e lded  i n  t h r e e  cases  the fol lowing 
values  f o r  angle  y :  1 0 . 5 ' ;  11 .0 '  and 1 1 . 6 ' ,  i . e . ,  i n  t he  r equ i r ed  l i m i t s .  

The accuracy of reading o f  t h e  angle  o f  

d .  When the  apparatus  w a s  designed and b u i l t  measures were taken f o r  
e l imina t ing  the  p a r a s i t i c  h i g h l i g h t s  from the  l i g h t  s c a t t e r e d  i n  t h e  apparatus . 
For t h i s  we used the  s u i t a b l y  ca l cu la t ed  systems of  blends and darkenings of  
the  i n t e r n a l  walls. Moreover, the  measurements on t h e  instrument  a r e  perform- 
ed a darkened room, s o  t h a t  t he  e r r o r s  from the  h i g h l i g h t s  does not  exceed 
1%. 

e .  Inasmuch as we a r e  i n t e r e s t e d  by the  absolu te  values  of the d i f f u s i o n  
i n d i c a t r i c e s ,  i t  i s  necessary t o  s t anda rd ize  the r e l a t i v e  measurement d a t a ,  
which can be done with a c e r t a i n  accuracy. To s t anda rd ize  the  measured i n d i -  
c a t r i c e s ,  we use  a suspension of p a r t i c l e s ,  f o r  which t h e r e  a r e  t abu la t ed  
values  o f  func t ions  M i .  Then it i s  s u f f i c i e n t  t o  record  a small  s e c t o r  of t he  
cont ro l  suspension i n d i c a t r i x ,  i n  o r d e r  t o  determine the  s c a l e  of t he  records 
i n  abso lu t e  va lues .  

However, we should b e a r  i n  mind t h a t  the  measurement d a t a  a r e  p ropor t iona l  
t o  the  concent ra t ion  of the l i g h t - d i f f u s i n g  p a r t i c l e s ,  and the  measurements o f  
the  con t ro l  system and t h e  system i n v e s t i g a t e d  may be  incomparable because o f  
the d i f f e r e n t  concent ra t ion  of t h e  p a r t i c l e s .  Let us  eva lua te  approximately 
the  e r r o r  a r i s i n g  from the  inexac t  determinat ion of the  concent ra t ions  of t h e  
cont ro ls  and the  i n v e s t i g a t e d  specimens. 

/210 

In Table 3 w e  g ive  t h e  fo l lowing  values  f o r  four  p a r t i c l e  s i z e s :  t he  num- 
b e r  of  p a r t i c l e s  i n  t h e  d i f f u s i n g  volume N ,  t he  weight concent ra t ion  o f  
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p a r t i c l e s  i n  t h e  d i f fus ing  volume c, t.he t o t a l  mass of p a r t i c l e s  P i n  t h e  
d i f fus ing  volume, and t h e  t o t a l  m a s s  o f  p a r t i c l e s  M i n  the  e n t i r e  volume o f  
t h e  c e l l .  The d i f f u s i n g  volume i s  equal t o  2 .03 cm3. 

TABLE 3 

T r .  Note: Commas i nd ica t e  decimal p o i n t s .  

The masses o f  t he  substance of such va lues ,  as are i n d i c a t e d  i n  Table  3 ,  
may be weighed wi th  an accuracy o f  up t o  0 . 1  mg, s o  t h a t  f o r  p a r t i c l e s  wi th  
r = 10 ~ . l  t h e  r e l a t i v e  weighing e r r o r  w i l l  be  about 5%. This e r r o r  may b e  
decreased i f  we weigh on a balance a specimen exceeding t h e  r equ i r ed  specimen 
by 10 times and d i l u t e d  i n  a t en - fo ld  volume of f l u i d .  Then 1/10 of the  sus-  
pension prepared w i l l  conta in  the  requi red  q u a n t i t y  of t h e  d i f f u s i n g  par t ic les ,  
weighed wi th  an accuracy o f  up t o  0 .5%.  

The e r r o r  i n  t h e  determinat ion o f  t he  d i f fus ion  func t ion  i with r e s p e c t  / 2 1 1  
t o  the  con t ro l  specimen i s  determined as 

where i is  the exac t  va lue  o f  the  d i f f u s i o n  func t ion  f o r  t he  con t ro l  specimen, 

ca l cu la t ed  with formulas M i ,  N1 i s  t h e  number of  p a r t i c l e s  i n  the  suspension 

examined, N 2  i s  the  number of  p a r t i c l e s  i n  t h e  con t ro l  suspension.  

Taking i n t o  account t he  above-mentioned eva lua t ions  we ob ta in  

k 

Ai Ai,< 
i ZK 
- = 7 + I"/o. 

Summarizing t h e  above, we can eva lua te  t h e  t o t a l  e r r o r  o f  the  apparatus  
descr ibed as 5-8%. 
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C E RTA 
F I E L D  

N CHARACTER1 S 
OF PREC I P I T A T  

ICs OF THE STRUCTURE OF THE I N T E N S I T Y  
ON F A L L I N G  IN STEPPE AND DESERT REGIONS 

Z h .  D.  A l i b e g o v a  

ABSTRACT. I n  t h e  a r t i c l e  the author  g i v e s  c e r t a i n  char- 
a c t e r i s t i c s  of t h e  s t r u c t u r e  o f  the i n t e n s i t y  f i e l d  of 
l i q u i d  p r e c i p i t a t i o n ,  f a l l i n g  on the t e r r i t o r i e s  of the  
Veliko-Anadol 'skiy and Dubovskiy shower gauqe groups 
and a l s o  o f  t h e  Western Turkmenian and Western Kazakhstan 
d ischarge  s t a t i o n s .  
S h e  c a l c u l a t e s  the recurrences (%) o f  r a ins  of var ious i n -  
t e n s i t y  $ t h e  shares  o f  the  p r e c i p i t a t i o n  of the  given i n -  
t e n s i t y  i n  the t o t a l  s u m  o f  the  p r e c i p i t a t i o n  f a l l e n .  She 
g i v e s  t h e  recurrences o f  ra ins  o f  var ious  maximum inten-  
s i  t i e s .  

The problem o f  i n v e s t i g a t i o n  o f  p r e c i p i t a t i o n  zones from s a t e l l i t e s  i s  / 2 1 2  
very p re s s ing .  
ga t ions  i t  i s  necessary  t o  develop s p e c i a l  measuring equipment. 

For the  p r a c t i c a l  r e a l i z a t i o n  o f  t h e  program of such i n v e s t i -  

During the  f l i g h t  of a s a t e l l i t e  over  a c e r t a i n  t e r r i t o r y  i t  can record 
both t h e  d i s t r i b u t i o n  of  the  sources  and the  i n t e n s i t y  o f  t h e  p r e c i p i t a t i o n .  
In  t h i s  case t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n  w i l l  depend on the  following 
f a c t o r s  : t he  p r e c i s i o n  and s e n s i t i v i t y  of  t he  measuring equipment, t h e  dimen- 
s i o n s  of  t he  sou rces ,  and the  i n t e n s i t y  of the p r e c i p i t a t i o n  f a l l i n g .  

What w i l l  be t h e  e r r o r s  o f  measuring the  p r e c i p i t a t i o n s  from s a t e l l i t e s ,  
what w i l l  be  the  d i s t o r t i o n s  produced with var ious  averaging s c a l e s  with r e -  
s p e c t  t o  area and t ime, t h i s  i s  the range o f  problems, the  answers t o  which 
depend both  on our  concept o f  the s t r u c t u r e  of  p r e c i p i t a t i o n  f i e l d s , a n d  i n  
p a r t i c u l a r  on t h e  s t r u c t u r e  o f  the  p r e c i p i t a t i o n  i n t e n s i t y  f i e l d .  

In  the  p re sen t  a r t i c l e ,  we g ive  c e r t a i n  r e s u l t s  o f  i n v e s t i g a t i o n  o f  t he  
i n t e n s i t y  f i e l d  s t r u c t u r e  of  p r e c i p i t a t i o n  f a l l i n g  i n  Steppe and dese r t  regions 
of t h e  USSR. 

A s  the  i n i t i a l  d a t a  we used r a i n  gauge r eco rde r  records of  the v a r i a t i o n s  
o f  the r a i n s  during the  w a r m  pe r iod  of  t he  y e a r ,  marked over  the t e r r i t o r i e s  
o f  t he  Veliko-Anadol ' s k i y  (Donbass region)  and Dubovskiy (Sal ' sk iya  Steppes 
region)  groups of  shower gauges,  and a l s o  i n  t h e  Western Turkmenian and 
Western Kazakhstan d ischarge  s t a t i o n s .  
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The s e l e c t i o n  of t hese  reg ions  i s  explained by the fact  t h a t  i t  i s  p re -  
c i s e l y  i n  t h e  regions wi th  t h e  a r i d  c l imate  t h a t  t he  p r e c i p i t a t i o n  f i e l d s  a r e  
d i s t ingu i shed  by the  h ighes t  va r i ega t ion ,  the  p r e c i p i t a t i o n  sources  a r e  rela- 
t i v e l y  s m a l l ,  and c o r r e l a t i o n  r e l a t i o n s h i p s  o f  every type i n  them d i e  down 
r e l a t i v e l y  r a p i d l y .  

Apparently,  t h e  g r e a t e s t  e r r o r s  i n  the  measurement of t h e  c h a r a c t e r i s t i c s  
of the  p r e c i p i t a t i o n  f i e l d s  may be  expected i n  the  f l i g h t s  of t he  s a t e l l i t e s  
over  such regions as t h e  Ukrainian and Ural Steppes and a l s o  t h e  semi-deser ts  
and d e s e r t s  o f  Wester-Turkmenia and Western-Kazakhstan. 

A l l  t h e  regions i n v e s t i g a t e d  by us are loca ted  e i t h e r  i n  the  zone of  
moderately dry (Veliko-Anadol'skiy shower-gauge group i n  t h e  southern  p a r t s  
o f  t h e  f o o t h i l l s  o f  t he  Donetskiy r i d g e ) ,  o r  very dry a r i d  c l imate .  Among 
t h e  l a t t e r  w e  can mention t h e  regions of t he  Dubovskiy shower gauge group i n  
t h e  c e n t r a l  p a r t  of t he  S a l  ' s k i y a  Steppes,  t he  Western-Kazakhstan d ischarge  
s t a t i o n s  i n  the  semi-deser t  zone o f  the Aktyubinskaya o b l a s t  o f  t h e  Kazakh 
SSR and the  western Turkmenfan discharge s t a t i o n  i n  t h e  southwestern Turkmenia 
zone. 

P r e c i p i t a t i o n  is  one of t he  elements which i s  the  l e a s t  s t a b l e  i n  space / 2 1 3  
and t i m e .  
ins tantaneous i n t e n s i t y ,  amplitude of  f l u c t u a t i o n s  of which during t h e  time 
o f  t he  r a i n f a l l  may reach s u b s t a n t i a l  dimensions. 

The i n s t a b i l i t y  o f  p r e c i p i t a t i o n  i s  cha rac t e r i zed  the  b e s t  by t h e  

Thus, i n  the Veliko-Anadol'skiy shower-gauge group reg ion  on the  second 
of  J u l y  1955, t he  i n t e n s i t y  of  p r e c i p i t a t i o n  f l u c t u a t e d  between 0 .00  and 3.6 
mm/min. i . e . ,  t h e  ins tan taneous  i n t e n s i t y  during t h e  r a i n  v a r i e d  by hundreds 
of times. 

Even i n  such a r i d  regions as Western Kazakhstan and Western-Turkmenia, 
during r e l a t i v e l y  b r i e f  r a i n f a l l ,  the  amplitude of  t h e  f l u c t u a t i o n s  of t h e  
i n t e n s i t y  of t h e  p r e c i p i t a t i o n  f a l l i n g  reached s u b s t a n t i a l  dimensions; thus ,  
i n  Western-Kazakhstan on 2 8  June  1959, t he  i n t e n s i t y  o f  the  p r e c i p i t a t i o n  
reached 2.90 mm/min., and i n  Western-Turkmenia on 4 J u l y  1954 it  reached 2.17 
mm/min . 

Moreover, i t  i s  p r e c i s e l y  i n  the  a r i d  reg ions ,  where the  shower type 
p r e c i p i t a t i o n  predominates,  t he  i n s t a b i l i t y  o f  t he  p r e c i p i t a t i o n  i n t e n s i t y  i n  
t ime and area i s  t h e  most sha rp ly  expressed.  

According t o  d a t a  of  Table 1, i n  which we g ive  the  recur rences  of r a i n s  
wi th  d i f f e r e n t  maximum i n t e n s i t y ,  we can judge a l s o  on t h e  p r o b a b i l i t y  of 
p r e c i p i t a t i o n  wi th  a c e r t a i n  amplitude of i n t e n s i t y  f l u c t u a t i o n s .  
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T A B L E  1 .  R E C U R R E N C E  (%) OF R A I N S  WITH DIFFERENT MAXIMUM INTENSITY. 

Region 

Dubovs k i  y Shower-Gauge 

Veliko-Anadol ' s k i y  Shower- 

West Kazakhstan Discharge 

West-Turkmenian Discharge 

Tr .  Note: Commas i nd ica t e  dec 

Group ( 1954-58) 

Gauge Group ( 1954-57) 

S t a t  ion ( 1  954-59) 

S t a t i o n  (1954-56) 

rec  
0 

0 
N 

I 

0- 
I - 

.. . 

20,G 

21 ,o 

16,O 

17,4 

mal poin ts .  

i t a t i o n  l n t e n  
0 

0 
*. 
I 

R! 
... 
0 - -  

13,O 

10,4 

20,o 

6,5 

From Table 1 w e  can see t h a t  i n  the  regions examined the  most probable  
are the  r a i n s  wi th  an i n t e n s i t y  o f  f l u c t u a t i o n  amplitude from values  c lose  t o  
zero t o  1 .O mm/min. (85-90%). 

The p r o b a b i l i t y  o f  p r e c i p i t a t i o n  with an i n t e n s i t y  f l u c t u a t i o n  amplitude 
from values  c lose  t o  zero t o  values  o f  more than 2 mm/min i s  small; t hus ,  i n  
Western-Turkmania i t  amounts t o  only 2% o f  a l l  t h e  cases of r a i n s ,  i n  t h e  
Sa l  ' sk iya  Steppes (Dubovskiy shower gauge group) i n  the  Ukraine (Veliko- 
Anadol ' sk iy  shower-gauge group) and i n  Western-Kazakhstan i t  i s  about 4%. 

We can judge about the s h a r e  of p r e c i p i t a t i o n  o f  var ious  i n t e n s i t i e s  i n  
the  t o t a l  amount o f  p r e c i p i t a t i o n  f a l l e n  during the season according t o  t h e  
d a t a  from Table 2 .  I n  t h i s  t a b l e ,  w e  can s e e  t h a t  the  g r e a t e s t  recur rence  i s  
observed f o r  r a i n s  o f  low i n t e n s i t y  (up t o  0 .05 mm/min.). Thus, i n  the  reg ion  
of  t h e  Dubovskiy shower-gauge group t h i s  recur rence  amounts t o  74%, i n  t h e  
region o f  the  Western-Kazakhstan discharge s t a t i o n  i t  amounts t o  76%, and i n  
the  region of  the  Veliko-Anadol'skiy group i t  amounts t o  80% and i n  the  region 
of Wes t-Turkmenian s t a t i o n  t o  87%. 

About 10-15% of the  length  of a l l  the  r a i n s  i n  t h e  reg ions  i n v e s t i g a t e d  /214 
belong t o  p r e c i p i t a t i o n s  with i n t e n s i t y  of 0.06-0.10 mm/min. 
with i n t e n s i t y  h ighe r  than 0.10 mm/min. amounts t o  not  more than 10-12% of  
the  t o t a l  l ength  of  r a i n s .  

P r e c i p i t a t i o n  

The shares  o f  p r e c i p i t a t i o n  with weak i n t e n s i t y  i n  the  t o t a l  sum o f  t h e  
p r e c i p i t a t i o n  f a l l e n  i s  l e s s  than the  percentage o f  t h e i r  recur rence ,  however, 
even they are s u f f i c i e n t l y  l a r g e  and amount t o  about 44% i n  t h e  reg ion  of t h e  
West-Turkmenian d ischarge  s t a t i o n ,  25% i n  the  reg ion  of t h e  Dubovskiy group, 
23% i n  the  region o f  t h e  Western-Kazakhstan s t a t i o n ,  and about 15% i n  t h e  
region of  t he  Veliko-Anadol ' sk iy  group. 



76,2 
90,O 
94,7 
95,5 
98,8 

100,o 

23,O 
47,O 
59, l  
62,2 

,82,4 
95,4 

100,o 

TABLE 2 .  R E C U R R E N C E  (%) OF P R E C I P I T A T I O N  OF V A R I O U S  INTENSITY (NUMERATOR) 
AND THE S H A R E  OF PRECIPITATION OF THE G I V E N  INTENSITY I N  THE TOTAL SUM 
( D E N O M  I N A T O R )  . 

.- 

t a t i o n  l n t e n s i  t y  m m i m i n  
I Reg ion 

0,21- 1 0.51- 
0.50 1 .oo 1 ,oo 0,ll- 

0,15 
0.16- 
0.20 

V e l  i ko-Anadol ' s k i y  Shower Gauge 
Group 

10.4 
3,6 

3,8  
20,2 

1,1 
13,4 

3 , 3  
20,2 

17,7 

73,6 15,O 

87,4 7 ,8  
S t a t i o n s  44,O 19,5 

Dubovskiy Shower-Gauge Group 

West-Turkmenian Discharge 

Wes t-Kazakhs tan D i  scharge 
S ta t ions  

ind ica t e  decimal po in t s .  Tr .  note:  Commas 

From Table 3 ,  where w e  p r e s e n t  t h e  increas ing  sha re  o f  var ious  i n t e n s i t i e s  
i n  t h e  length  and t o t a l  of a l l  t h e  p r e c i p i t a t i o n  f a l l e n ,  we can s e e  t h a t  i n  
a l l  t he  regions p r e c i p i t a t i o n s  wi th  the  i n t e n s i t y  of  up t o  0.50 mm/min. a r e  
the  most probable (97-98% of the  length  of a l l  t h e  p r e c i p i t a t i o n ) .  However, 
the  share  of  t hese  p r e c i p i t a t i o n s  i n  a l l  the  regions is d i f f e r e n t .  I t  amounts 
t o  51% i n  the  Ukraine, 77% i n  t h e  region of t he  S a l ' s k i y a  Steppes,  and about 
82% i n  Western-Turkmenia and Western-Kazakhstan. 

T A B L E  3 .  THE I N C R E A S I N G  S H A R E  (%) OF P R E C I P I T A T I O N  OF V A R I O U S  INTENSITIES 
I N  THE O V E R  A L L  L E N G T H  ( 1 )  A N D  TOTAL OF P R E C I P I T A T I O N  ( 2 ) .  

Veliko-Anadol Dubovskiy 
Group I s k i y  Group 

Wes t -Turkmen  iar  
S t a t  i on 

P reci p i  t a t  ion 
I n tens i t y  ,"/mi n ,  

Wes t - Ka zakhs tan 
S ta t ion  

. . .  - 

1 1 - 2  

I 

.- ?- 

I -~ 
87,4 
95,2 
96.0 
96,2 
97,3 
99,8 

loo. 1 

1 . 1  
1 

80,O 
89, l  
92, l  
92,9 
96,5 
99,o 

100,o 

2 

14.8 
25,2 
31 , O  

51 , O  
76,O 

33,3 

100,o 

2 

u,o 
63,5 
67,2 
68,5 
81,9 
90,2 

100,o 

-- 

25,O 
43,O 
52,O 
57,O 
77,2 
92,2 
1oo,o 

Commas 

73,6 
88,6 
92,8 
94,5 
98,3 
99,6 

100.0 

0,O-0,05 

0,O-0.15 

0,O-0,50 

0 ,o-0,lO 

0 ,o-0,20 

0,o-1,oo 
0,o->1 ,00 

Tr .  Note: ind ica te  decimal poin ts .  
We should a l s o  no te  t h e  low recur rence  of p r e c i p i t a t i o n s  o f  high intensi ty/215 

(0.51-1 .O mm and more), i t  amounts t o  only 2-3%. 
t o t a l  amount o f  p r e c i p i t a t i o n ,  i n  t h e  reg ion  o f  t h e  Veliko-Anadol'skiy group 

As for t h e i r  s h a r e  i n  t h e  

26 1 
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i t  i s  s u f f i c i e n t l y  l a r g e  (49%), i n  t h e  Dubovskiy group reg ion  it accounts f o r  
about 23% , and i n  t h e  Wes tern-Turkmenian and Western-Kazakhstan d ischarge  
s t a t i o n s  i t  accounts f o r  about 18% o f  t he  t o t a l .  

The maximum i n t e n s i t y  of i nd iv idua l  r a i n s  i s  o f  cons iderable  i n t e r e s t  
f o r  p r a c t i c a l  purposes .  

As we can see from Table 1, i n  a l l  t he  reg ions  r a i n s  with the  m a x i m u m  
i n t e n s i t y  of  up t o  0.40 mm/min. predominate, they  account f o r  about 80% of  
a l l  t h e  cases of  r a i n f a l l  i n  Western-Turkmenia and 60% i n  t h e  S a l ' s k i y a  
Steppes.  

I n  Western-Kazakhstan and i n  the  region of  the  Veliko-Anadol'skiy sta- 
t i o n  t h e  p r o b a b i l i t y  of r a i n s  of such i n t e n s i t y  i s  sma l l e r  (56 and 50% re- 
s p e c t i v e l y ) .  

The maximum o f  recur rence  o f  p r e c i p i t a t i o n  i n  Western-Turkmenia and i n  
the  S a l ' s k i y a  Steppes belongs t o  the  0.0-0.10 mm/min. g rada t ion  (50 and 21% 
r e s p e c t i v e l y ) ,  i n  Western-Kazakhstan and i n  t h e  Ukraine t o  the 0.51-1.00 mm/ 
/min. g rada t ion  (32 and 27% r e s p e c t i v e l y ) .  
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Viktor  Yur'yevich Kolomiytsev, whose works are publ i shed  i n  t h e  p re sen t  
c o l l e c t i o n ,  was born i n  Leningrad on 3 Apr i l  1937 i? a family of  p h y s i c i s t s .  
H i s  f a t h e r  Yuriy Ivanovich and mother Ta t 'yana  Sergeyevna are t h e  o l d e s t  
members of t he  S t a t e  Op t i ca l  I n s t i t u t e  named a f t e r  S .  I .  Vavilov. Therefore  
i t  is  n a t u r a l ,  t h a t  a f t e r  graduat ing  from school i n  1954, he en te red  the  
phys ica l  f a c u l t y  o f  t he  Leningrad Univers i ty ,  which he f i n i s h e d  i n  1960. I n  
1961, a f t e r  one y e a r  of work a t  t h e  S t a t e  Op t i ca l  I n s t i t u t e  as a p h y s i c i s t  
en igneer ,  Vik tor  Yur'yevich became the  J u n i o r  S c i e n t i f i c  Worker i n  t h e  Div- 
i s i o n  of  Radiat ion Inves t iga t ions  o f  the Main Geophysical Observatory.  A 
s h o r t  t ime be fo re  t h a t  t he  development of  t he  method of  meteorological  observ- 
a t i o n s  from sa t e l l i t e s  was s t a r t e d  a t  the  'Main Geophysical Observatory.  
Vik tor  Yur'yevich worked a c t i v e l y  i n  t h e  i n v e s t i g a t i o n s  on t h i s  theme. 
problem on which he worked, cons i s t ed  o f  f ind ing  the  method o f  determining t h e  
luminosi ty  of  the  earth-atmosphere system, i . e . ,  the  f u l l  flow of  t h e  outgo- 
ing shortwave r a d i a t i o n ,  according t o  the  s i n g l e  value of  b r igh tness ,  measur- 
ed by t h e  instrument  aboard the  s a t e l l i t e .  Inasmuch as the  s i n g l e  value 
s o l u t i o n  of  t he  problem i s  impossible ,  the optimum s o l u t i o n  was developed, 
which proposed the  most probable  value of t he  luminosi ty ,  corresponding t o  t h e  
given b r igh tness  va lue .  According t o  the b r igh tness  the  albedo of t h e  s e c t o r  
of t h e  t e r r e s t r i a l  s u r f a c e  viewed was determined, on which depends t o  a g r e a t  
ex ten t  t h e  shape o f  t he  b r i g h t n e s s  body, and t h e  luminosi ty  was determined 
f u r t h e r  [l] . 

The 

This  system w a s  adopted a t  the  Hydrometeorological Center  USSR f o r  Pro- 
cessing the  observa t ions  o f  Sov ie t  weather s a t e l l i t e s .  

I n  the  development o f  t he  system mentioned, t he  hypothes is  was made t h a t  
t he  r e f l e c t i o n  from t h e  t e r r e s t r i a l  s u r f a c e  occurs  according t o  Lambert 's law. 
This  hypothesis  however, caused a c e r t a i n  confusion, because i t  was i n  d i r e c t  
oppos i t ion  t o  t h e  f a c t  t h a t  t he  r e f l e c t i o n  from the  s e a ,  which is  the p r i n c i -  
p a l  underlying su r face  on t h e  e a r t h ,  i s  non-Lambertian. 
t h a t  a c t u a l l y  t h i s  s i t u a t i o n  w a s  not  very s u b s t a n t i a l ,  i t  was decided t o  ex- 
amine accu ra t ly  t h e  problem wi th  t h e  a n i s o t r o p i c  r e f l e c t i o n  from the  bottom. 
The r e s u l t s  o f  t h i s  a n a l y s i s ,  publ i shed  i n  the  p re sen t  c o l l e c t i o n  [2-51 ,  
i n d i c a t e ,  t h a t  the  i n i t i a l  system proved t o  be gene ra l ly  c o r r e c t .  A t  t he  
same time it  w a s  p o s s i b l e  t o  e s t a b l i s h  t h e  region of the angles  around the  
d i r e c t i o n  of  t h e  mi r ro r  ray ,  where d i r e c t i o n s  are necessary ,  and t o  i n d i c a t e  
t h e i r  va lue .  
eva lua te  the  screening  a c t i o n  o f  the  atmosphere on t h e  p o s s i b i l i t y  o f  de t e r -  
minat ion of t h e  wind v e l o c i t y  above the  s e a  and t h e  waves according t o  the  
measurements of the  s o l a r  g l i t t e r  [6] .  I n  gene ra l ,  t h e  t o t a l i t y  of Vik tor  
Yur' yevich ' s i n v e s t i g a t i o n ,  which are consis  t e n t  and sys t ema t i c ,  undoubtedly 
contains  s u f f i c i e n t  r e s u l t s  f o r  a prominent cand ida te ' s  d i s s e r t a t i o n .  

In  o rde r  t o  show 

The c a l c u l a t i o n s  performed a t  t h e  same t i m e  made it p o s s i b l e  t o  

/216 
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Even a t  t h e  f i rs t  acquaintance Vik tor  Yur'yevich l e f t  t h e  impression of /217 - 
an educated and thought fu l  p h y s i c i s t  and t h i s  impression w a s  augmented wi th  
f u r t h e r  j o i n t  work wi th  him. 
posed, b u t  after a c a r e f u l  ana lys i s  a r r i v e d  a t  a clear and d i s t i n c t  s o l u t i o n .  
In  s p i t e  of  t he  gr ievous s i ckness  which tormented him f o r  many y e a r s ,  V ik to r  
Yur'yevich always worked p e r s i s t e n t l y .  
a t t i t u d e  towards h i s  co l labora t .o rs ,  e s p e c i a l l y  t o  the  j u n i o r  ones. 

He was never  i n  a . h u r r y  t o  answer a ques t ion  

He maintained an even and a t t e n t i v e  

The untimely death of  Vik tor  Yur'yevi ch, which occurred suddenly on 
6 January 1968, was a heavy blow t o  a l l  those  around him. 
courageous m a n  and t a l e n t e d  p h y s i c i s t  w i l l  remain i n  t h e  memory of a l l  those  
who knew him. 

The image o f  t h e  

K .  S .  S h i f r i n  
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D i k i y ,  L .  A .  : "Teoriya KoZebani Zemoy Atmosfery", (Theory o f  Osci 1 l a t i o n s  
of t h e  T e r r e s t r i a l  Atmosphere 7 , 

12 sheets,  p r i c e  65 kopeks 

Imyani tov,  I .  M . :  'PZektr izats iya SamoZetov v ObZak.akh i Osadkakh Radiatsion- 
nyye Kharakteris t ik i  Atmosfeq",  ( E l e c t r i f i c a t i o n  o f  A i r p l a n e s  i n  Clouds 
and P r e c i p i t a t i o n s ) ,  

10 sheets ,  p r i c e  55 kopeks 

'Padiatsionn ye Kharakteris t ik i  Atmosfeq",  ( R a d i a t i o n  P r o p e r t i e s  o f  the 
Atmosphere 7 C o l l e c t i v e  of authors e d i t e d  by K. Ya. Kondrat 'yev.  

30 sheets,  p r i c e  1 r u b l e ,  50 kopeks 

Logvinov, K. T. : "Stratosfera", (The S t ra tosphere ) ,  

12 sheets,  p r i c e  55 kopeks 

M in ina ,  L. S . :  "Praktika NefanaZiza", (The P r a c t i c e  of Nephanalys is) ,  

17 sheets,  p r i c e  1 r u b l e ,  10 kopeks 

Sazonov, 6. I . :  and V .  F. Loginov:  "SoZneehno-Troposfemyye Svyaazi", (The 
So la r -T ropospher i c  Relat ionshi .ps)  , 

6 sheets,  p r i c e  45 kopeks 
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Khrgian,  A. Kh.: "E'izika Atmosfery," (Physics o f  t he  Atmosphere) 

34 sheets ,  p r i c e  1 r u b l e  80 kopeks 

We request  t h a t  y o u r  o r d e r s  be d e l i v e r e d  i n t o  the  l o c a l  bookstores.  

I n  case of r e f u s a l  we request  you t o  send o r d e r s  on the  f o l l o w i n g  
address:  Leningrad,  P-101, Bo1 ' shoy  p . r .  , House No. 57, S t o r e  Number 15 o f  
Lenk 

Please remember t h a t  the t i m e l y  de l  i v e r y  o f  t he  p r e l  im ina ry  o rde rs  makes 
i t  p o s s i b l e  t o  determine more c o r r e c t l y  t h e  number o f  copies of t h e  books t o  
be p r i n t e d !  

G i dromet reo  i zda t 

Translated for the National Aeronautics and Space Administration under 
contract No. NASw-1695 by Techtran Corporation, P.O. Box 729, Glen Burnie, 
Maryland 21061 
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